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Foreword 



Fertile soils are an essential building block for human existence on Earth. The 
degradation of soils and land, in this regard, poses significant challenges for the 
well-being and food security of all the people around the world. Moreover, soils 
provide not only food, fiber, and many types of biomass we use, but also a wide 
range of other essential ecosystem services, such as carbon sequestration, water 
purification, cultural, and esthetic values. Unfortunately, in the Anthropocene, our 
age of mankind, the degradation of natural ecosystems, including land and soils, has 
rapidly increased, posing daunting challenges to achieving sustainable development 
and poverty reduction. Degradation of ecosystems is posing environmental chal- 
lenges and is leading to the loss of land productivity — which in turn leads to 
conversion of high-value biomes — such as forests — to low-value biomes — espe- 
cially in low-income countries, where majority of the rural poor heavily depend on 
natural resources. The resulting scarcities are often exacerbated by prohibiting and 
dispossessing people from access to land and fertile soils. Hence, sustainable soil 
management and responsible land governance have a great potential for being one 
of the comer stones of achieving the sustainable development goals (SDGs). 
Specifically, sustainable land management contributes to achieving several of the 
SDGs, such as land degradation neutrality and an ambitious climate and biodi- 
versity agenda, as highlighted in the series of Global Soil Week events in Berlin in 
recent years. 

This book on Economics of Land Degradation and Improvement provides with 
valuable knowledge and information both at the global, regional, and national levels 
on the costs of land degradation and benefits of taking action against land degra- 
dation. A key advantage of this book is that it goes beyond the conventional market 
values of only crop and livestock products lost due to land degradation, but seeks to 
capture all major terrestrial losses of ecosystem services. Twelve carefully selected 
national case studies provide rich information about various local contexts of cost 
of land degradation as evaluated by local communities, drivers of land degradation, 
and amenable strategies for sustainable land management. 
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Foreword 



The research presented in the book shows that investments to address land 
degradation have significant economic payoffs. Next to investments, we have to 
address the question of adoption of sustainable land management practices and 
policies. To implement land restoration, we need to understand obstacles within the 
social, economic, and the political context. The results of this study show that 
particular attention needs to be paid to tangible local incentives for taking action 
against land degradation. This requires secure land rights, enhancing extension 
services, and empowering local communities to manage their natural resources. The 
identification of implementation pathways through multi- stakeholder processes 
assumes a particular importance in this regard. This book can serve as a highly 
valuable resource and reference for policymakers, civil society, researchers, and 
practitioners. 



Klaus Topfer 

Executive Director, Institute for Advanced 
Sustainability Studies (IASS) and former Under 
Secretary General of the United Nations, Executive 
Director of the United Nations Environment Programme 
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Chapter 1 

Economics of Land Degradation 
and Improvement: An Introduction 
and Overview 



Ephraim Nkonya, Alisher Mirzabaev and Joachim von Braun 



Abstract Land degradation is occurring in almost all terrestrial biomes and 
agro-ecologies, in both low and high income countries. However its impact is 
especially severe on the livelihoods of the poor who heavily depend on natural 
resources. Despite the severe impact of land degradation on the poor and the crucial 
role that land plays in human welfare and development, investments in sustainable 
land management (SLM) are low, especially in developing countries. This chapter 
summarizes the results from global and regional levels as well as 12 case study 
countries. The chapter also draws conclusions and implications for taking action 
against land degradation. Land degradation stretches to about 30 % of the total 
global land area and about three billion people reside in degraded lands. The annual 
global cost of land degradation due to land use/cover change (LUCC) and using 
land degrading management practices on static cropland and grazing land is about 
300 billion USD. Sub-Saharan Africa (SSA) accounts for the largest share (22 %) of 
the total global cost of land degradation. Only about 46 % of the cost of land 
degradation due to LUCC — which accounts for 78 % of the US$300 billion loss — 
is borne by land users and the remaining share (54 %) is borne by consumers of 
ecosystem services off the farm. This further illustrates that land degradation is a 
global problem even though its impact is much greater on poor land users. The cost 
of taking action against land degradation is much lower than the cost of inaction 
and the returns to taking action are high. On average, one US dollar investment into 
restoration of degraded land returns five US dollars. This provides a strong 
incentive for taking action against land degradation. This study shows that simul- 
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taneously enhancing local and national level governments, land tenure security, and 
improving market access is the most effective strategy for addressing land degra- 
dation. Given that LUCC accounts for the largest share of cost of land degradation, 
there is a need for developing land use planning that will ensure that forests and 
other high value biomes are effectively protected. Empirical evidence has shown 
that involvement of local communities in managing forests and other high value 
biomes and creating mechanisms for them to directly benefit from their conserva- 
tion efforts lead to more effective protection than is the case with centralized pro- 
tection. The assessment in this volume is being conducted at a time when there is an 
elevated interest in private land investments and when global efforts to achieve 
sustainable development objectives have intensified. This means, results of this 
volume will contribute significantly to the ongoing policy debate and efforts to 
design strategies for achieving sustainable development goals and other efforts to 
address land degradation and halt biodiversity loss. 

Keywords Economics of land degradation and improvement • Sustainable land 
management • Cost of action • Ecosystem services 



Land Degradation: A Global Problem 

Sustainable land use and protection of soils play a key role in food, climate, and 
human security (Lai 2005, 2014; von Braun 2013; Lai et al. 2014; Amundson et al. 
2015). In spite of this, land degradation has become a global problem occurring in 
most terrestrial biomes and agro-ecologies, in both low income and highly indus- 
trialized countries (Le et al. 2014; Chap. 4). On the other hand, fertile soils are a 
non-renewable resource by human time spans as their formation and renewal could 
take hundreds, if not thousands, of years (Lai 1994). For this reason, the human 
management of soil resources will have wide-ranging consequences on human 
security for generations to come. 

Already, sharp acceleration in environmental pollution and natural resource 
degradation over the past century has led to a higher recognition of the importance 
of sustainable development, including the first global landmark event — the Human 
Environment Conference in Stockholm in 1972 (World Bank 2010). Continuing on 
this path towards sustainability, the United Nations have set 17 Sustainable 
Development Goals (SDGs) to guide the future global development agenda. One of 
the 17 targets aims to “protect, restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity loss” (UNDP 2015). Thus, SDGs 
envision providing a global commitment to address land degradation and achieve a 
land and soil degradation-neutral world (Lai et al. 2012). 
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Crucially in this context, the livelihoods of the majority of the rural poor depend 
on land (Nachtergaele et al. 2010). Additionally, food, fiber and other terrestrial 
ecosystem goods for the global population are drawn from land, the degradation of 
which has both direct and indirect impacts on overall human welfare. Addressing 
land degradation can, therefore, provide with cross-cutting contributions to 
achieving many of the other SDGs as well. Despite the crucial role that land plays 
in human welfare and development, investments in sustainable land management 
(SLM) are low, especially in developing countries. For example, public investments 
per worker in the agricultural sector in Sub-Saharan Africa (SSA) declined to one 
third from 152 USD in 1980-1989 to only 42 USD in 2005-2007 (FAO 2012). In 
particular, investments and incentives for sustainable land use and for prevention of 
land and soil degradation are presently inadequate and would need to be substan- 
tially increased in order to eradicate poverty and enhance food security in the world. 



Why Economics of Land Degradation and Improvement 

Given the above, the research presented in this book has been conducted with the 
objective to strengthen the foundations of ecological and economic knowledge that 
may stimulate putting sustainability of land and soils appropriately on the political 
agendas. These studies at global, regional and national levels evaluate the costs of 
land degradation and benefits of sustainable land management. They also identify 
the drivers of land degradation in order to devise polices to address them. Using 
case studies helps analyze in more detail the aspects of land degradation that cannot 
be captured using global or regional-level data, especially due to the diverse nature 
and process of land degradation under different biophysical and socio-economic 
characteristics at the local levels. A total of 12 country-level case studies were 
conducted for more detailed analyses of the costs and drivers of land degradation. 
The case study countries were carefully selected to be globally representative for 
major biophysical and socio-economic characteristics. They account for 43 % of the 
global population and 28 % of the land area. 

The second objective of the volume is to provide empirical evidence and infor- 
mation to help the global community to take action against land degradation and its 
impacts on human wellbeing. The third objective of the study is to develop analytical 
approaches and generate data that could be used to conduct regular assessment of 
land degradation and improvement at global, regional, country and local levels. 

The analytical methods are presented in a manner to allow their applications 
across disciplines and by researchers and practitioners with varying needs and 
capacities. The study covers two major categories of land degradation: namely, 
long-term loss of value of land ecosystem services due to land use and cover change 
(LUCC) and the use of land degrading management practices on cropland and 
grazing lands that do not experience LUCC. The six major biomes covered include 
forest, shrublands, grasslands, cropland, barren land, and woodlands and they 
accounted for about 86 % of global land area in 2001 (NASA 2014). 
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The broad research questions covered in this book include: 

1 . What are the appropriate and practical methods for global assessment of land 
degradation and improvement? 

2. What are the global and regional extent and severity of land degradation and 
opportunities for improvement? 

3. What are the key drivers of land degradation across typical socio-ecological 
regions of the world? 

4. What are the economic, social and environmental costs of land degradation and 
net benefits resulting from taking actions against degradation compared to 
inaction? 

5. What are the feasible policy and development strategies that enable and catalyze 
sustainable land management (SLM) actions? 

The book makes two major new contributions. Firstly, it develops a conceptual 
framework to guide economic assessments of land degradation using the Millennium 
Ecosystem Assessment (MEA 2005), which defines land degradation as a long-term 
loss of ecosystem services (Chap. 2). Most previous studies on economics of land 
degradation concentrated on the impacts of land degradation on loss of provisioning 
services of croplandand grazing land and have ignored the loss of other ecosystem 
services (e.g. carbon sequestration and nutrient cycling) on agricultural land and 
other biomes. Secondly, this conceptual framework and the corresponding 
methodological approaches developed (Chaps. 2, 6 and 7) are consistently applied 
through comparable national case studies. Implementation of such harmonized case 
studies allows drawing more generalizable conclusions about the costs and drivers of 
land degradation. Most previous studies on economics of land degradation — while 
insightful locally — are much less comparable since they use different methods and 
approaches, and thus do not add up to a global picture. 

Additionally, each chapter seeks to make more specific new contributions to the 
existing methodological, thematic or region-specific knowledge. Below we sum- 
marize major empirical findings of the chapters. 



Scale of Global Land Degradation 

Using remote sensing data, Chap. 4 identifies global hotspots of land degradation by 
correcting for biases found in previous mapping exercises, thus improving on the 
previous efforts on global land degradation mapping. The results show that land 
degradation stretches to about 30 % of the total global land area and is occurring 
across all agro-ecologies. In total, there are about 3 billion people who reside in the 
areas with land degradation hotspots. However, the true number of people affected 
by land degradation is likely to be higher, because even those people residing outside 
degrading areas may be dependent on the continued flow of ecosystem goods and 
services from the degrading areas. One third of the area of land degradation hotspots 
is directly identifiable from a statistically significant declining trend in normalized 
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difference vegetation index (NDVI), which is an index that measures the density of 
greenness of plants on a patch of land. However, the remaining two thirds of land 
degradation are concealed by rainfall dynamics, atmospheric fertilization and 
application of chemical fertilizers. Globally, human-induced biomass productivity 
decline is found in 25 % of croplands and vegetation-crop mosaics, 29 % of mosaics 
of forests with shrub- and grasslands, 25 % of shrublands, and 33 % of grasslands, as 
well as 23 % of areas with sparse vegetation. The share of degrading croplands is 
likely to increase further when we take into account the croplands where intensive 
fertilizer application may be masking land degradation. Although this study does 
find land degradation to be a major problem in croplands, it also emphasizes, in 
contrast to most previous studies, the extent of degradation in areas used for live- 
stock grazing by pastoral communities, including grasslands, shrublands, their 
mosaics, and areas with sparse vegetation. In most countries, livestock production 
and its value chains produce a comparable economic product and incomes for rural 
populations as crop production. 

The results of this land degradation mapping were also groundtruthed in several 
dozen locations in six case study countries (Chap. 5). This evaluation showed an 
intermediate agreement between the mapping based on remotely sensed data and 
field results collected from focus group discussions with communities in six 
countries (Ethiopia, India, Niger, Senegal, Tanzania and Uzbekistan). In general, 
there was a higher agreement between the corrected NDVI results (Chap. 4) and 
focus group discussions (FGDs) on degraded lands than on lands which experi- 
enced improvement. The FGDs and field observations indicate that the results of the 
land degradation mapping are robust. This approach and its findings suggest that 
there may be ample opportunities for more “citizen research” and monitoring by 
communities on land degradation. 



Costs of Action and Inaction 

The annual costs of land degradation at the global level were found to equal about 
300 billion USD 1 (Chap. 6). Sub-Saharan Africa (SSA) accounts for the largest 
share (22 %) of the total global cost of land degradation. The analysis of the cost of 
land degradation across the type of ecosystem services shows that 54 % of the cost 
is due to the losses in regulating, supporting and cultural services (for example, 
carbon sequestration), which are considered as global public goods. Thus, the major 
share of the costs of land degradation affects the entire global community. The cost 
of taking action against land degradation is much lower than the cost of inaction. 
The benefits from investments into sustainable land management were found to 
exceed their costs by at least two times over a 30-year planning horizon globally. In 
many case study countries and sub-regions, the returns from each dollar of 



Unless otherwise stated, all values used in the cost of land degradation are in constant 2007 USD. 
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investments into land rehabilitation were found to reach up to 5 dollars over the 
same period (Chaps. 11-21). 



Policies for Global and Regional Consideration 

In order to help in formulating policies and strategies for taking action against land 
degradation, Chap. 7 discusses the drivers of land degradation and improvement. 
The major factors affecting land degradation at the global level include land tenure 
security, population density, market access and rule of law. Better rule of law was 
found to positively influence sustainable land management in most cases, especially 
in sub-Saharan Africa. The areas with high population densities were found to 
manage their land resources more sustainably when they have a dynamic non-farm 
sector which facilitates cross-sector labor, technological and capital spillovers. 
Secure land tenure may provide additional benefits and opportunities for sustainable 
land management (SLM). With relatively well-functioning markets, including 
output, input and financial markets, land degradation also declines. Where markets 
do not function well or are very thin, secure land tenure may have much less effect 
on SLM. The findings further illustrate the key role played by governance and 
incentives for wider adoption of SLM practices. 

Rangelands used by pastoral feeding systems account for 45 % of ice-free land 
area (Asner et al. 2004) and 70 % of the world agricultural land area (FAO 2008). 
Additionally, the demand for livestock products is rapidly increasing in both 
medium and low income countries. This underscores the importance of under- 
standing the cost of land degradation on grazing lands. Therefore, Chap. 8 focuses 
on the analysis of the impacts of degradation on grazing lands that did not undergo 
LUCC — an area that accounts for 10 % of the grasslands and about 6 % of the total 
livestock population. The results show that the annual global cost of losses in milk 
and meat production due to grassland degradation is about 7 billion USD. 
Addressing grassland degradation could lead to win-win outcomes both in terms of 
lower poverty and higher carbon sequestration rates in grasslands. 

Sub-Saharan Africa (SSA) experienced the most severe land degradation over the 
last decade and is also the region with the highest rates of poverty in the world. 
Chapter 9 analyzes the policies and land investments, the cost of land degradation 
and the drivers of land degradation and cropland expansion in the region. SSA has a 
large potential to become a global food breadbasket but presently faces daunting 
challenges. The analysis shows that the conversion of grassland to cropland and 
deforestation account for the largest share of the cost of land degradation in the 
region. The major driver of conversion of grassland to cropland is the low livestock 
productivity. Addressing this challenge requires an increase in the public alloca- 
tions to livestock production and research, which currently represent only about 
5 % of the public budgets in the region. Efforts to improve grasslands through 
controlled grazing, planting legume crops, and other sustainable practices will 



1 Economics of Land Degradation and Improvement: An Introduction and Overview 



7 



increase both livestock productivity and carbon sequestration. The econometric 
results show tenure security, access to markets and government effectiveness are 
major factors for enhancing crop and livestock productivity and reducing land 
degradation. The analysis of cropland degradation shows an inverse relationship 
between profitability and adoption rates of sustainable land management practices. 
This is largely due to poor access to markets and credit, as well as low capacity of 
agricultural extension services to provide advisory services on SLM practices. 

Chapter 10 analyzes land degradation in Central Asia — a region that has 
experienced a combination of extensive land degradation and fundamental insti- 
tutional and economic transformations over the last three decades. This and other 
challenges have led to abandonment of large rainfed croplands, mainly in 
Kazakhstan, the continued desiccation of the Aral Sea, and wide-spread secondary 
salinization in the irrigated areas of the region, especially in the downstream of the 
region’s two major rivers, Amudarya and Syrdarya. The annual costs of land 
degradation in Central Asia due to LUCC are about 6 billion USD. About 4.6 
billion USD of the cost of land degradation are related with shifts from grasslands 
to lower value shrublands and barren lands. A total of about 14 million ha of 
grasslands have shifted to shrublands and barren lands in the region between 2001 
and 2009, highlighting the massive problem of rangeland degradation. Another 0.75 
billion USD were due to shifts from shrublands to barren lands, especially in the 
parts of the region near the Aral Sea, highlighting the growing problem of deser- 
tification. The loss of ecosystem services due to deforestation is about 0.32 billion 
USD, whereas the abandonment of croplands and their conversion to barren lands 
has resulted in about 110 million USD of losses, annually. The costs of taking 
action against land degradation are found to be 5 times lower than the cost of 
inaction over a 30-year period. Better access to markets, extension services, secure 
land tenure, and livestock ownership among smallholder crop producers are found 
to be major drivers of SLM adoptions. This further underlines the importance of 
tenure security and access to rural services in achieving sustainable land 
management. 

There have been numerous but isolated attempts in the past to assess the causes 
and costs of land degradation at the national level. However, the differences in 
concepts and methodologies do not allow for their meaningful comparison, and quite 
often have led to contradicting policy conclusions. The series of country case studies 
included in this volume have been conducted in Asia, Europe, South America and 
sub-Saharan Africa using a standardized method, thus allowing for comparability of 
the results and drawing more generalizable conclusions (Chaps. 11-21). In the 
following section, we synthesize the major lessons learnt and the so-called “low 
hanging fruits” to address land degradation based on the global, regional and country 
case studies. The findings below are divided into individual strategies but an inte- 
grated approach involving several actions taken simultaneously is essential and 
could lead to bigger impacts and lower costs in addressing land degradation. 
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Lessons Learnt and Implications 

Taking Action Against Land Degradation Due to Land 
Use/Cover Change (LUCC) 

The cost of land degradation due to LUCC accounts for 78 % of the total global 
cost of land degradation of about 300 billion USD, suggesting that high priority 
should be given to addressing land degrading land use and cover change. There is a 
need for developing land use policies and planning that will ensure that forests and 
other high value biomes are protected and continue to provide ecosystem services 
both to local communities and to the global community (Chap. 6). The global 
elforts towards increasing protected areas have been successful, especially in the 
temperate areas. The deforestation rates in the tropical areas of the developing 
countries have also decreased significantly, but continue posing a big challenge 
(CBD 2014). There are still substantial deforestation and other forms of LUCC that 
need particular attention in the tropics and temperate regions. The conversion of 
forests into grazing lands was the major driver of deforestation in the Amazon 
region. In Central Asia, conversion of grassland to barren lands and shrublands was 
the major type of land degradation (Chap. 10), while in the SSA, the conversion of 
grassland to cropland was the leading cause of land degradation due to LUCC 
(Chap. 9). One of the major reasons for the conversion of grassland to cropland in 
SSA is the low livestock productivity. Strategies for addressing the conversion of 
grassland to cropland involve increasing livestock productivity, which may be more 
effective than enforcement of land use policies aimed at preventing LUCC. In 
general, the findings suggest that LUCC involving grasslands need to be given 
much higher attention than it has been the case so far. Empirical evidence has also 
shown that deforestation and sustainable forest management has been more likely in 
forests managed by local communities (Poteete and Ostrom 2004). Likewise, 
protected areas that involve local communities in management and who, in return, 
receive direct benefits have been more successful (Coad et al. 2008). This suggests 
strengthening community participation — a topic discussed in detail in the next 
section — is key to addressing degradation due to LUCC. 



Strengthening Community Participation for SLM 

Involving local communities and using their traditional knowledge and innovations 
are crucial to achieving effective conservation efforts. This is also consistent with 
the Aichi biodiversity target 18, which aims to respect and use traditional knowl- 
edge, innovations and practices of indigenous people and involve local commu- 
nities in implementing conservation efforts (CBD 2014). Their involvement will 
ensure that they benefit and get rewarded for their protection efforts (Chap. 9). Such 
efforts could also involve payment for ecosystem services (PES), given that land 
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degradation is a global “public bad”, with the global community bearing a larger 
share of the cost of land degradation than the local community. Incentive mecha- 
nisms need to be developed to reward those who practice land management that 
provides significant global ecosystem services. This means that taking action 
against land degradation requires both local and global policies and strategies. 
However, experiences have shown that PES schemes did not work well in countries 
with poor markets and weak local institutions (Karsenty and Ongolo 2012). On the 
other hand, country-level PES schemes and policies that enhance incentives for 
investment in land improvement have also shown promising results, as illustrated in 
Niger (Chap. 19) and Costa Rica where the government collects a tax for PES and 
rewards land users who protect forests. 

However, the low capacity of local communities to tackle technical issues of 
natural resource management is seen as a significant constraint that compromises 
effective SLM. This is especially the case for the relatively new paradigms such as 
integrated soil fertility management (ISFM), ecosystem service management and 
climate change (Chap. 9). This suggests the need to invest in training and awareness 
creation. For example, the Dankou forest program — a community-based forest 
management (CBFM) program in Senegal — spends about 54 % of its budget for 
information and awareness (Chap. 19). Dankou CBFM has been very successful 
since the communities have been highly sensitized about the ecosystem services 
provided by the forests. As emphasized above, the technical support should take on 
board the indigenous knowledge and experience on ecosystem services. In other 
words, the information sharing and awareness creation should be two-way and 
sensitive to the indigenous communities. 

A number of studies have shown that the pastoral systems in arid and semi-arid 
areas of Eastern Africa are generally sustainable even in the face of large biomass 
productivity changes largely due to the unpredictable precipitation and other natural 
shocks (Chaps. 8 and 9). There is a need to take advantage of the rich ecosystem 
knowledge of the pastoral nomadic communities in order to address the current 
challenges facing pastoral communities in the dry areas. As elaborated further, this 
will also require securing their communal grazing lands to stem the arbitrary 
expropriations and to invest in improvement of livestock productivity and mar- 
keting systems. 

Strong customary institutions and environment-friendly cultural values could 
also be used for promoting sustainable land management. The case of strong cul- 
tural values in Bhutan (Chap. 12) illustrates the role played by cultural values in the 
protection of ecosystem services. Mahayana Buddhism places a strong value on the 
peaceful co-existence of people with nature and the sanctity of life and compassion 
for others. This is one of the major drivers of the high share (71 %) of the land area 
under forests in Bhutan and of the fact that 25 % of the population lives in the 
protected areas. 



10 



E. Nkonya et al. 



Enhancing Government Effectiveness and Rule of Law 



The results at the global and regional levels, as well as in the case study countries 
consistently show that improved government effectiveness and rule of law enhance 
the adoption of sustainable land management practices. Improved government 
effectiveness works especially well when it gives local communities the mandate to 
manage their natural resources. For example, the key driver of Nigerien success 
story of tree planting and protection was improved government effectiveness, which 
simultaneously enabled communities to independently manage their natural 
resources and accrue direct benefits from their investments (Chap. 17). The country 
also learnt hard lessons from its past mistakes that involved policies which provided 
disincentives to land investment and the consequences of land degradation that 
were amplified by a prolonged drought. 

In the past 20 years, government effectiveness has generally increased due to 
prolonged global democratic advocacies (Lynch and Crawford 2011). For example, 
development aid is given to developing countries which do not exercise flagrant 
undemocratic policies (Chap. 9). So in countries where rule of law is improving, 
SLM efforts are likely to yield favorable results (Chap. 7). This means that there 
may be more opportunities for addressing land degradation in countries which have 
shown significant improvements in government effectiveness and rule of law. 
Additionally, given that many donor programs require good governance as a 
condition for receiving aid, the donor community could continue this approach to 
promote government effectiveness and indirectly improve land management. 



Improving Access to Markets and Rural Services 



Controlling for government effectiveness and other important variables, access to 
markets could reduce the costs of land degradation (Chap. 9), and was consistently 
found to lead to wider adoption of SLM practices in several case study countries, 
such as Ethiopia, Malawi, Senegal, Tanzania and Uzbekistan (Chaps. 14, 19-21). In 
addition to increasing incentives, access to markets could help create alternative 
non-farm employment that could reduce pressure on land resources (Chap. 19). 

In many developing countries, the capacities of agricultural extension services to 
provide advisory services on new approaches on integrated soil fertility manage- 
ment (ISFM), ecosystem services, climate change and other new paradigms is low 
(Chaps. 9 and 21). Likewise, there are limited advisory services on non-production 
technologies such as processing and marketing — the aspects which could contribute 
to enhancing SLM. This suggests the need to increase the capacity of agricultural 
extension agents to provide advisory services on SLM covering the entire value 
chain. The case study country results in Chaps. 11-21 show access to agricultural 
extension services improves tree planting (Bhutan) and adoption of SLM in general 
(Bhutan, Ethiopia, Kenya, Ethiopia, Malawi). Access to credit also increases the 
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adoption SLM practices (Ethiopia, Malawi). In general, when major mediating 
factors — especially government effectiveness — are in place, improvement of rural 
services increases the adoption rates of SLM practices. For example, successful 
adoption of conservation agricultural practices in Argentina was achieved through 
strong extension services and public-private partnerships (Chap. 11). Conservation 
agriculture is considered as one of the best practices for sustainable land man- 
agement (Lai 2015). This suggests the need to provide short-term training to 
agricultural extension agents and to incorporate the new paradigms in the agri- 
cultural curricula to ensure that future agents have greater capacity to provide 
appropriate advisory services. A pluralistic extension services could be required to 
achieve this objective since different providers will give complementary advisory 
services to cover many aspects where the traditional extension services might be 
deficient. 



Improving Land Tenure Security 

The findings from several case study countries have also consistently shown that 
adoption of sustainable land management practices is often dependent on secure 
land tenure (Tanzania, Malawi, Uzbekistan, and Ethiopia). Abdulai and Goetz 
(2014) establish similar relationships based on panel date analyses in Ghana. In this 
context, given that land prices and shadow prices are increasing due to the growing 
incomes, population and demand for biofuels and other alternative uses of agri- 
cultural products, land insecurity of the poor and vulnerable is becoming more 
acute. The recent trends in national and foreign land acquisitions in many devel- 
oping countries, especially in SSA, illustrate this since such land acquisitions were 
concentrated in areas held under customary tenure and/or communal land with no 
formal tenure (Baumgartner et al. 2015). There is a need for policies which protect 
customary tenure systems against arbitrary expropriation. Additionally, long-term 
strategies for enhancing women’s access to land under customary tenure need to be 
taken. Studies have shown that land markets improve women’s access to land 
(Nkonya et al. 2008). This means, establishing land markets — especially in coun- 
tries where land belongs to the government and land sales are illegal — could be one 
of the short-term term strategies for improving women’s access to land. 



Going Forward 

The assessment in this volume is being conducted at a time when there is an 
elevated interest in private land investments and when global efforts to achieve 
sustainable development objectives have intensified (Chap. 2). For example, one of 
the 17 SDGs is specifically aimed at addressing land degradation and halt biodi- 
versity loss. There have been numerous but isolated attempts in the past to assess 



12 



E. Nkonya et al. 



the causes and consequences of land degradation (a review see in Nkonya et al. 
2011). This study was done using a framework that could provide a consistent 
conceptual basis for other ongoing or future similar research activities and case 
studies on economics of land degradation and improvement. 

The costs of land degradation are substantial and the costs of action to address 
land degradation are often several times lower than those of inaction. In spite of 
these high returns on investments in sustainable land management, land degradation 
is persisting, due to inadequate levels of investments in sustainable land manage- 
ment. There are two reasons for this, which need to be adequately addressed to 
incentivize more investments into SLM. 

• First, as we have seen, the global costs of land degradation are higher than local 
costs, whereas the investments into SLM are often required from local land 
users, who include only the private costs of land degradation in their action 
calculations. 

• Secondly, even in cases when the private costs of land degradation may be 
higher than the costs of inaction, many land users may be constrained in their 
actions by lack of knowledge of sustainable land management practices, access 
to markets, insecure land tenure, and other barriers to SLM. 

Thus, the basic issue is that while land is, of course, local, costs and benefits of 
land (miss-) use are partly trans-regional and even global, i.e. land degradation is 
partly a global and national “public bad”. Therefore policies and investments are 
needed to minimize the negative externalities of land degradation, for instance, by 
subsidizing sustainable land management. 

The opportunity costs of taking action are main drivers that contribute to inac- 
tion in many countries. Strategies should be developed that give incentives to better 
manage lands and reward those who practice sustainable land management. The 
payment for ecosystem services (PES) mechanisms that saw large investments in 
carbon markets should be given a new impetus to address the loss of ecosystem 
services through land use/cover change (LUCC) which accounts for the largest cost 
of land degradation. Allowing landusers to internalize some of the positive exter- 
nalities created by sustainable land management through PES schemes may be key 
to achieving a “land degradation neutral” world. 

There is a need for strong emphasis on addressing land degradation in inter- 
national and national investment programs. 

The research on economics of land degradation needs to be increasingly based 
on comprehensive trans-disciplinary conceptual frameworks, such as 
Water-Energy-Food Security Nexus. However, this also necessitates further 
methodological advances in the valuation of ecosystem services and the inclusion 
of details of soil quality changes. Finally, there is a need for more research quan- 
tifying the long run impacts of land degradation on poverty and food security. 

Sustainable land management is fundamental for humanity’s sustainability in 
general. The land degradation trends must be reversed, and that makes economic 



sense. 
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Chapter 2 

Concepts and Methods of Global 
Assessment of the Economics of Land 
Degradation and Improvement 



Ephraim Nkonya, Joachim von Braun, Alisher Mirzabaev, 

Quang Bao Le, Ho- Young Kwon and Oliver Kirui 

Abstract The Economics of Land Degradation (ELD) initiative seeks to develop a 
science basis for policy actions to address land degradation. The purpose of this 
chapter is to provide with a conceptual framework and sound and feasible 
methodological standards for ELD assessments at global and national levels. Only 
if some basic standards are identified and adhered to, comparative assessments can 
be conducted between countries and useful aggregation of findings, based on these 
case studies, can be achieved. Therefore, using the Total Economic Value 
(TEV) framework, the chapter identifies minimum core standards that need to be 
adhered to in all country case studies to generate comparable material for inter- 
national assessment and ELD policy guidance. 

Keywords Economics of land degradation • Case studies • Natural capital • Total 
economic value 

Introduction 

Healthy land ecosystems (hereafter referred to simply as “land”) that function well 
and ensure their services — are essential to sustainable development, including food 
security and improved livelihoods. Yet, key services provided by land have habit- 
ually been taken for granted and their true value — beyond the market value — has 
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been underrated (von Braun et al. 2013). This pattern of undervaluation of lands is 
about to change in view of the rapidly rising land prices, which is the result of 
increasing shortage of land and high output prices (ibid.). Moreover, the value of 
land ecosystem services is gradually being better understood. Globally, it is esti- 
mated that about a quarter of land area is degraded, affecting more than a billion 
people all over the world (Lai et al. 2012). Land degradation is defined as the 
persistent reduction of land’s biological and/or economic production capacity, or as 
the long-term loss of land ecosystem functions and services (Safriel 2007; Vogt et al. 
2011). Land degradation wreaks its highest toll on the livelihoods and well-being of 
the poorest households in the rural areas of developing countries (Nachtergaele et al. 
2010). Vicious circles of poverty and land degradation, as well as transmission 
effects from rural poverty and food insecurity to national economies, critically 
hamper their development process. 

Despite the urgent need for preventing and reversing land degradation, the 
problem has yet to be appropriately addressed (Lai et al. 2012). Policy actions for 
sustainable land management (SLM) remain inconsistent and often ineffective 
(Nkonya et al. 2011). Such policy frameworks to combat land degradation need to 
be supported by evidence-based and action-oriented research (von Braun et al. 
2013). The past studies on land degradation had played a useful role in highlighting 
land degradation as a globally critical issue. However, most of them tended to focus 
only on simpler relationships, such as, for example, soil erosion and its impact on 
crop yield, while ignoring the broader values of land ecosystem services, various 
off-site and indirect costs in their analytical frameworks. The losses from land 
degradation include not only environmental degradation cost measured directly 
on-site (e.g., soil loss and nutrient depletion), but also the cost of indirect and 
off-site environmental impacts (e.g., siltation of water bodies, water pollution, and 
biodiversity declines) (Foley et al. 2005). 

Yet it is empirically challenging to account for all the costs of land degradation. 
Among major challenges are measurement and valuation of losses in ecosystem 
benefits due to land degradation (Barbier 2011a, b). Moreover, the double-counting 
of these ecosystem benefits needs to be avoided — a complex task by itself (Barbier 
2010). Processes (e.g. water purification) and benefits (e.g. purified potable water) 
could be double counted if each is given a separate value (Balmford et al. 2008). 
The benefits are the end products of the beneficial processes. One approach to avoid 
double counting in this regard is to only take the value of potable water with 
different qualities and skip counting of the water purification process. However, it is 
equally obvious that the conceptual framework for Economic Assessment of Land 
Degradation and Improvement should not be limited to only more easily measur- 
able direct on-site and off-site costs of land degradation since taking such an 
approach ignores the intrinsic relationship of ecosystems and will lead to under- 
valuing the cost of land degradation and benefits of taking action against land 
degradation. Hence the conceptual framework should be able to accommodate all 
losses due to land degradation, thus providing guidance and basis for a compre- 
hensive evaluation, even if it means that empirical gaps will be filled not imme- 
diately but through a longer-term research. 
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This action-oriented focus and the definitions of land and land degradation 
determine the methodological approaches applied in this book. United Nations 
Convention to Combat Desertification (UNCCD) (1996) defines land as a terrestrial 
ecosystem consisting of flora, fauna, hydrological processes and other ecological 
services beneficial to human beings. The Millennium Ecosystem Assessment (MEA 
2005) defines land degradation as long-term loss of on-site and off-site terrestrial 
ecosystem goods and services, which humans derive from them. These definitions 
lead to using a comprehensive approach which takes into account both short- and 
long-term direct and indirect, on-site and off-site benefits of sustainable land 
management versus the related costs of land degradation. Thus, to be compre- 
hensive, this economic assessment study uses TEV approach, which assigns value 
to all use and non-use ecosystem services. This means the TEV approach captures 
the value of ecosystem goods and services and goes beyond the common monetary 
values of provisioning services used in many past economic studies. Consequently, 
this approach strives to capture all changes, both degradation and improvement, in 
ecosystem functions and services attributed to land ecosystems. 

The action against land degradation involves preventing the degradation of 
currently used or usable lands or rehabilitating degraded lands. Action against land 
degradation is referred here as sustainable land management, which according to 
TerrAfrica (2006), is generally understood as the “adoption of land systems that, 
through appropriate management practices, enables land users to maximize the 
economic and social benefits from the land, while maintaining or enhancing the 
ecological support functions of the land resources”. However, this definition is too 
general, lacking measurable criteria to guide policy focuses regarding SLM. In this 
study, “actions against land degradation” are defined as land management which 
leads to persistent improvement of biological productivity and biodiversity of the 
land. However, relevant understanding of these criteria has to be based on the usage 
people expect from the land (i.e., expected land use) and the baseline for assess- 
ment. With land intentionally used for agricultural or forest production, long-term 
soil-driven net primary productivity (NPP), i.e. the net biomass produced by the soil 
and other natural resources (water and sunlight) without remarkable external inputs 
(e.g., improved rainfall, fertilizer use, atmospheric fertilization), can be a proxy for 
SLM or land degradation assessment. However, the treatment of observed biomass 
productivity trend has to further depend on the baseline of the assessment. Where 
the initial productivity was already low (degraded), a long-term improvement of 
soil-driven productivity can reflect SLM. Where the beginning productivity was 
already high, at least an absence of decline (a steady state) of soil-driven produc- 
tivity also may indicate SLM. On land used/planned for nature protection, 
soil-driven NPP is still important, but biodiversity is an additional criterion for 
SLM. In many cases soil quality and biodiversity support each other, but in some 
other cases, they may not necessarily be mutually consistent. Lor example, an 
invasion of exotic plant species can lead to high biomass productivity but dra- 
matically reduce biodiversity, which is not desirable. Increasing of soil nutrients can 
reduce plant diversity in some cases (Chapin et al. 2000; Sala et al. 2000; Wassen 
et al. 2005). The use of soil-based biomass productivity to indicate land degradation 
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in these areas may not be relevant to the land-use goal. To include these areas in the 
land degradation or SLM assessment, in addition to soil resources, other founda- 
tional aspects of forest ecosystems (e.g. flora and fauna structures and composition) 
have to be considered. Thus, using biomass productivity trend alone to indicate land 
degradation or SLM on such protected areas can give misleading results. Further, 
there is still a lack of data to more accurately delineate global forest cover into 
different use regimes. 

Land improvement is generally recognized as being closely determined by the 
increasing of net primary productivity (NPP) of the land, under certain conditions, 
and the improvement of soil fertility. The NPP trend, approximated by the trend of 
inter-annual Normalized Difference Vegetation Index (NDVI), can be an indirect 
indicator of soil degradation or soil improvement if the nutrient source for 
vegetation/crop growth is solely, or largely, from the soils (i.e., soil-based biomass 
productivity). In the agricultural areas with intensive application of mineral fertil- 
izers (i.e. fertilizer-based crop productivity), NPP trend (via NDVI trend) princi- 
pally cannot be a reliable indicator of soil fertility trend (Le 2012). In this case, 
alternative indicators of soil fertility should be used. Moreover, the elevated levels 
of C0 2 and NOx in the atmosphere (Reay et al. 2008; WMO 2012) can cause a 
divergence between NPP trend and soil fertility change as the atmospheric fertil- 
ization effect has not been substantially mediated through the soil. The rising level 
of atmospheric C0 2 stimulates photosynthesis in plants’ leaves, thus increasing 
NPP, but the soil fertility may not necessarily be proportional to the above ground 
biomass improvement. The wet deposition of reactive nitrogen and other nutrients 
may affect positively plant growths as foliate fertilization without significantly 
contributing to the soil nutrient pool, or compensating nutrient losses by soil 
leaching and accelerated erosion. The correction of the masking effect of atmo- 
spheric fertilization can be done by considering the quantum of biomass 
improvement in intact vegetation area, using the method proposed in Vlek et al. 
(2010) and Le et al. (2012). However the result must be evaluated by comparing the 
spatial corrected NDVI trend pattern with independent indicators, such as 
ground-measured NPP or soil erosion (e.g. Le et al. 2012). 



The Conceptual Framework 

The conceptual framework (Fig. 2.1) categorizes the causes of land degradation into 
proximate and underlying, which interact with each other to result in different levels 
of land degradation. Proximate causes of land degradation are those that have a 
direct effect on the terrestrial ecosystem. The proximate causes are further divided 
into biophysical proximate causes (natural) and unsustainable land management 
practices (anthropogenic). The underlying causes of land degradation are those that 
indirectly affect the proximate causes of land degradation, such as institutional, 
socio-economic and policy factors. For example, poverty could lead to the failure of 
land users to invest in sustainable land management practices leading to land 
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Fig. 2.1 The conceptual framework (Source Adapted from Nkonya et al. (2011)) 



degradation (Way 2006; Cleaver and Schreiber 1994; Scherr 2000). Understanding 
of the causes of land degradation and of their interactions is essential for identifying 
relevant actions for addressing land degradation. Therefore, as we will see further, 
the first step in the empirical ELD research involves the analysis of both proximate 
and underlying causes of land degradation. 

Inaction against land degradation would lead to continuation, even acceleration, 
of land degradation and of its associated costs. However, besides its benefits, action 
against land degradation also involves costs — the costs of specific measures and 
economy-wide indirect effects — that is, opportunity costs, involving resources 
devoted for these actions which cannot be used elsewhere. The ultimate goal of the 
present conceptual framework is to compare the costs and benefits of action against 
land degradation versus the costs of inaction. 

The level of land degradation determines its outcomes or elfects — whether on-site 
or offsite — on the provision of ecosystem services and the benefits humans derive 
from those services. Other methods are also used to measure the on-site and off- site 
flow and stock of ecosystems services. Of particular importance is the life cycle 
analysis (LCA), which assesses the environmental impacts of a product during its 
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life cycle (Rebitzer et al. 2004). In what is known as the environmental impact of 
products from its cradle to its grave, impact categories of a product and the corre- 
sponding indicators and model(s) are identified (Reap et al. 2008). The impact 
results are then grouped into different categories (Ibid). Despite its popularity of 
LCA and codification in the International Standardization Organization, LCA has a 
number of weaknesses (ibid.). There is no consensus on types of stressors, impacts, 
the models to use and corresponding indicators under consideration (ibid). 
Like TEV, double counting remains a major problem of LCA (ibid). Due to these 
problems and given that TEV methods also trace the on-site and off-site impacts of 
the ecosystem services, the studies in this book will use the TEV approach. 

Many of the services provided by ecosystems are not traded in markets, so the 
different actors do not pay for negative or positive effects on those ecosystems. The 
value of such externalities may not be considered in the farmer’s land use decision, 
which leads to an undervaluation of land and its provision of ecosystem services. 
The ecosystem services should be considered as capital assets, or natural capital 
(Daily et al. 2011; Barbier 2011c). This natural capital should be properly valuated 
and managed as any other form of capital assets (Daily et al. 2000). The failure to 
capture these values for land ecosystems could lead to undervaluing the impact of 
higher rates of land degradation. To adequately account for ecosystem services in 
decision making, the economic values of those services have to be determined. 
There exist various methods to evaluate ecosystem services (Barbier 2010, 2011a, b; 
Nkonya et al. 2011). However, attributing economic values to ecosystem services is 
challenging, due to many unknowns and actual measurement constraints. The val- 
uation of the natural capital, therefore, should follow three stages (Daily et al. 2000): 
(i) evaluation of alternative options, for example, degrading soil ecosystem services 
versus their sustainable management, (ii) measurement and identification of costs 
and benefits for each alternative, and (iii) comparison of costs and benefits of each of 
the alternatives including their long-term effects (ibid.). However, identifying and 
aggregating individual preferences and attached values to ecosystem services, 
including over time, for each alternative option, is not a straightforward task (ibid.) 
As economic values are linked to the number of (human) beneficiaries and the 
socioeconomic context, these services depend on local or regional conditions. This 
dependence contributes to the variability of the values (TEEB 2010). 

The green square box in Fig. 2.1 deals with the economic analysis to be carried 
out, and the green arrow shows the flow of information that is necessary to perform 
the different elements of the global economic analysis. Ideally, all indirect and 
off-site effects should be accounted for in the economic analysis to ensure that the 
assessment is from society’s point of view and includes all existing externalities, in 
addition to the private costs that are usually considered when individuals decide on 
land use. This assessment has to be conducted at the margin, which means that costs 
of small changes in the level of land degradation, which may accumulate over time, 
have to be identified. Bringing together the different cost and value types to fully 
assess total costs and benefits over time and their interactions can be done within 
the framework of cost-benefit analysis and mathematical modeling. In doing this, 
care should be taken in the choice of the discount rates because the size of the 
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discount rate, as well as the length of the considered time horizon, can radically 
change the results. Discount rates relate to people’s time preferences, with higher 
discount rates indicating a strong time preference and attaching a higher value to 
each unit of the natural resource that is consumed now rather than in the future. 

Institutional arrangements, or the “rules of the game” that determine whether 
actors choose to act against land degradation and whether the level or type of action 
undertaken will effectively reduce or halt land degradation, are represented as 
dotted lines encapsulating the different elements of the conceptual framework. It is 
crucial to identify and understand these institutional arrangements in order to devise 
sustainable and efficient policies to combat land degradation. For example, if 
farmers over-irrigate, leading to salinization of the land, it must be understood why 
they do so. As an illustration, it may be that institutional arrangements, also referred 
to as distorting incentive structures, make it economically profitable for farmers to 
produce as much crops as possible. Missing or very low prices of irrigation may act 
as such an incentive in a misleading institutional setup (Rosegrant et al. 1995). 

Finally, it is also essential for the analysis to identify all the important actors of 
land degradation, such as land users, landowners, governmental authorities, 
industries, and consumers, as well as identify how institutions and policies influ- 
ence those actors. Transaction costs and collective versus market and state actions 
are to be considered. 



The Methodological Framework 

The methodological approaches applied throughout the chapters of this book 
consist of two mutually complementary lines of research, which tackle two different 
aspects of the research agenda described in the conceptual framework (Fig. 2.1). 
This first line of research is based on descriptive and econometric analysis of causes 
of land degradation. Here, we seek to identify the key underlying and proximate 
causes of land degradation. This analysis will help to identify strategies for taking 
action against land degradation. However, action or non-action against land 
degradation will depend on its costs and benefits of taking action. This justifies and 
links the first part to the second part of analysis, whereas the second line of research 
looks specifically into the costs of land degradation and net benefits from SLM. 



Analysis of Causes of Land Degradation 

The causes of land degradation are numerous, interrelated and complex. Quite often, 
the same causal factor could lead to diverging consequences in different contexts 
because of its varying interactions with other proximate and underlying causes of land 
degradation. The results imply that targeting one underlying factor is not, in itself, 
sufficient to address land degradation. Rather, a number of underlying and proximate 
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factors need to be taken into account when designing policies to prevent or mitigate 
land degradation. For our model specification, it is essential not to look for only into 
individual causes of land degradation, but rather identify the effects of various com- 
binations and interactions of underlying and proximate causes of land degradation in a 
robust manner, with appropriate handling of potential issues related to endogeneity, 
multicollinearity, omitted variable bias and other statistical challenges. 

At the start of the empirical work, an exploratory analysis is conducted for better 
understanding the characteristics and trends in land degradation, the interaction of 
proximate and underlying causes of land degradation and other relevant 
socio-economic data. This exploratory analysis is used for refining the hypotheses 
about the causes of land degradation, which is later tested using the in-depth data in 
each case study country. The exploratory analysis is done using simple descriptive 
tools, while the results are illustrated using maps, figures and tables. For example, 
the correlation between poverty, government effectiveness, land tenure, environ- 
mental policies and other key causes of land degradation is overlaid with a change 
in NDVI or other relevant land degradation indicators. This forms useful and simple 
patterns to be used to enrich the econometric results. For example, data on land 
tenure is overlaid with change in NDVI to show areas where NDVI decreased 
(possible land degradation) or increased (possible land improvement) while such 
areas had secure land tenure or insecure land tenure. 

Therefore, the proximate and underlying causes of land degradation are analyzed 
at two levels: 

• Global at pixel level. Like in Nkonya et al. (2011), a pixel-level estimation of 
causes of land degradation is made. However, we improve on Nkonya et al. 
(2011) by using more recent data and controlling for more causes of land 
degradation (Chap. 7 of this volume). Moreover, NDVI values used by us are 
corrected for the effects of fertilization that has been shown dissimulate land 
degradation (Chap. 4 of this volume). 

• Household level analysis in the case study countries with panel (or 
cross-sectional, if panel is not available) household data. Using land use change, 
or households’ reporting of their plot level land quality, or factual measurements 
of land quality at the household plots, or very high resolution NDVI images, or 
lack of application of sustainable land management practices, as available, as an 
indicator for land degradation. 

The choice of variables for model specification is based on theoretical grounds 
and previous research, which has been described in detail in Nkonya et al. (2011) 
and von Braun et al. (2013). Additionally they follow established literature on 
causes of land degradation (Meyfroidt et al. 2010; Lambin 2001; Lambin and Geist 
2006, Chap. 7). 

Following Meyfroidt et al. (2010), Lambin (2001), Lambin and Geist (2006) and 
Nkonya et al. (2011), the structural first difference model estimating causes of land 
degradation or land improvement at global, regional/district and household levels, 
using annualized data is: 
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AND VI — Po P\Ax i + P2AX2 + P3AX3 + P4AX4 + P^Azi + s* ( 2 - 1 ) 



where, 

A NDVI — change in the values of the NDVI between the baseline and endline 
periods; 

x : — a vector of biophysical causes of land degradation (e.g. climate conditions, 
topography, soil constraints); 

x 2 — a vector of policy-related, institutional, demographic and socio-economic 
causes of land degradation (e.g. population density and growth rate, urban growth, 
GDP per capita, agricultural intensification and growth, national, international 
policies directly affecting land management, government effectiveness, land tenure, 
etc.); 

x 3 — a vector of variables representing access to rural services (e.g. links to 
extension services, road proximity or density, access to information, assess to rural 
credits); 

x 4 — vector of variables representing rural household level capital endowment, level 
of education, poverty level, physical capital, social capital; 

Zi — vector of fixed effect variables, including administrative divisions (region, 
NDVI prior to the baseline period, etc.). 

Alternatively, this model could be estimated using fixed effects approach instead 
of the first difference approach. The choice between first difference and fixed effects 
estimations usually depends on the characteristics of the panel data and specifically 
those of the error term. We expect the error terms to follow random walk, requiring 
first difference estimation rather than being serially uncorrelated when fixed effects 
is better. However, the ultimate choice between first difference and fixed effects 
should be made based on the characteristics of the actual data used. Various 
appropriate interactions and nonlinear relationships among specific variables are 
also tested following theoretical expectations. The results of this model are trian- 
gulated whenever possible using alternative measures of land degradation as 
dependent variable (such as actual soil quality measurements, etc.). 

The use of NDVI or other satellite-derived measures as proxies of land degra- 
dation may, in some cases, lead to less accurate results as NDVI or other 
satellite-derived indicators may not be fully collinear with land degradation pro- 
cesses on the ground. For example, NDVI cannot easily differentiate between 
composition changes in vegetation, hence can lead to misleading conclusions when 
secondary salinization leads to abandonment of previously agricultural areas and 
replacement of agricultural crops by halophytic weeds. To minimize such inaccu- 
racies, ground-truthing of satellite-derived data is conducted. More specifically, 
sub-national ground-truthing studies are conducted in some case study countries to 
assess land degradation using local-specific data to triangulate the results with the 
global satellite-based analysis. 

However, NDVI pixels could be too big to make any meaningful conclusions at 
the household level. To address this problem, the above equation, which is more 
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suited to global level analyses, is modified taking alternative household-level 
indicators of land quality as the dependent variable, such as land use change, or 
households’ reporting of their plot level land quality, or the lack of application of 3 
practices, factual measurements of land quality at the household plots, or very high 
resolution NDVI data, as available. The explanatory variables are also at the 
household level: 

AH = Pq + Pi Ax\ + P 2 AX 2 + P 3 Ax3 + P 4 AX 4 + P^Azt + £/ (2.2) 



where, 

H = household land quality indicator; 

x : — a vector of biophysical causes of land degradation (e.g. climate conditions, 
topography, soil constraints) at household plots; 

x 2 = a vector of policy-related, institutional, demographic and socio-economic 
causes of land degradation (e.g. household income per capita, family labor avail- 
ability, fertilizer/manure application rates, land tenure, etc.); 

X 3 — a vector of variables representing access to rural services (e.g. links to 
extension services, road proximity or density, access to information, assess to rural 
credits); 

x 4 = vector of variables representing household level asset endowments, level of 
education, poverty level, physical capital, social capital; 

= vector of fixed effect variables, including administrative divisions, household 
fixed effects, etc. 

Similarly, here as well, an alternative fixed effects model will also be considered. 
In case of cross-sectional data, the panel estimation approach will be replaced by 
methods suitable for cross-sectional data. Various appropriate interactions and 
nonlinear relationships among specific variables will be tested following theoretical 
expectations. 



Cost and Benefits of Action Versus Inaction Against Land 
Degradation 

The TEV approach is required to comprehensively capture the costs of land 
degradation. It consists of use and non-use values (Remoundou et al. 2009). The 
use value is further divided into direct and indirect use. The direct use includes 
marketed outputs involving priced consumption (e.g. crop production, fisheries, 
tourism, etc.) as well as un-priced benefits such as local culture and recreation. The 
indirect use value consists of un-priced ecosystem functions such as water purifi- 
cation, carbon sequestration, etc. Non-use value is divided into bequest, altruistic 
and existence values, all of which represent the un-priced benefits. In between these 
two major categories, there is the option value, which includes both marketable 
outputs and ecosystem services for future direct or indirect use. It is usually 
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challenging to measure the non-use and indirect use values as mostly they are not 
traded in markets. An additional challenge of measuring TEV is the potential of 
double-counting of benefits from ecosystems services (Barbier 2010). Following 
Balmford et al. (2008) and others, care is taken to avoid double counting, by 
partitioning the broad but closely related benefits and process and traced their links 
such that they avoided double-counting (ibid). 

Since we follow the broad definition of land degradation which captures the 
on-site and off-site effects of land management, we use social costs and benefits of 
land degradation. The social cost and benefit of action against land degradation and 
inaction is given by the net present value (NPV) for taking action against land 
degradation in year t for the land users planning horizon T: 



where, n c t = net present value (NPV) for taking action against land degradation in 
year t for the land users planning horizon T; Y c t - production of direct use provi- 
sioning services when using SLM practices; P = unit price of Y L t \ IVt = indirect use 
value; NUt = on-site non-use value; b c t = off-site positive benefit of SLM practices; 
pt = 1 + r, r = land user’s discount rate; lm c t = cost of SLM practices; c c t = direct 
costs of production other than land management; x c t = off-site costs of SLM — 
including use and non-use costs. The term x c t implies that even SLM could produce 
negative off-site costs. For example, application of chemical fertilizer leads to 
greenhouse gas emission. 1 kg of nitrogen requires about 3 kg of C0 2 -equivalent 
(Vlek et al. 2004) because of the high energy requirement for the manufacture and 
transport of fertilizer. 

If land user does not take action against land degradation, the corresponding 
NPV is given by 



where n d = NPV when land user uses land degrading practices. All other variables 
are as defined in above but with superscript d indicating land degrading practices. 

The benefit of taking action against land degradation is given by BA = n c t — n d . 

The difference — nf plays an important role in land users’ decision making 
during their planning horizon T. Table 2.1 summarizes the actions of land users 
when returns to SLM are smaller, greater or equal to the corresponding returns to 
SLM. If the returns to land management for the SLM are smaller than the corre- 
sponding returns for land degrading practices, the land user is likely to use land 
degrading practices. 

However, given that prevention of land degradation is expected to be cheaper than 
rehabilitation of degraded lands, it is always prudent to prevent land degradation. The 




(2.3) 




(2.4) 
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Table 2.1 Action versus inaction decisions at different levels 





Logical action/inaction 


>0 


Take action against LD 


<0 


Don’t take action. Alternatively provide incentives to take action against land 
degradation (e.g. PES a ) 


=0 


Indifferent, hence provide incentives to take action against land degradation 
(e.g. PES) 



Note Taking action against land degradation include: prevention of land degradation or 
rehabilitation of degraded lands. a Payment for Ecosystem Services. Source The authors 



challenge is internalization of SLM benefits and enhancing adoption of SLM prac- 
tices for low income farmers who may not have paid to adopt SLM. For example, 
payment for ecosystem services (PES) could be used when BA < 0 (see Table 2.1). 



Sampling Framework for Case Studies 



Proximate and underlying causes of land degradation are intricately embedded in 
their specific local contexts (Nkonya et al. 2011; von Braun et al. 2013), and hence, 
only through comprehensive analysis of these local heterogeneous interactions that 
meaningful insights could be derived about causes and necessary actions against 
land degradation. On the other hand, needless to say that these insights should not 
be exclusively limited only to some specific local settings, but should have a global 
relevance. In this regard, case study methodology is a preferred choice of method 
when the phenomenon being studied is indistinguishable from its context (Yin 
2003) — which enables to achieve the first objective of local thoroughness. The 
second objective of global relevance is achieved by designing a rigorous sampling 
framework with theoretically sound case study selection strategy. 

Extrapolation of case study findings beyond these case studies themselves is 
possible only when the case study design has been based on theoretical grounds: 
where specific research questions are asked to test the validity of rival explanations 
of cause-and-efifect relationships in land degradation. Carefully selected multiple 
case studies are the means to provide a more convincing test of a theory and specify 
conditions under which different, perhaps even opposing, theories could be valid 
(De Vaus 2001). Moreover, the external validity of a case study depends on its 
capacity for theoretical generalization, rather than statistical generalization which is 
conducted through probability -based random sampling techniques. In that sense, 
case studies are like experiments with replications: if the theoretical insights gained 
from case studies conducted in multiple settings coincide, then the potential of 
external validity of these results is higher. To achieve such external validity, case 
studies are selected not statistically, but “strategically” (ibid.), which necessitates 
selecting those cases which will enable to rigorously test the causal relationships in 
different contexts (ibid.). Moreover, random probability based selection of countries 
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is also practically infeasible within realistic time and budget constraints. Finally, it 
is essential that the core research methodologies and protocols in each of the case 
studies should be similar for ensuring comparability of their results. 

For conducting this global economic analysis of land degradation, case study 
countries have been carefully selected based on purposive sampling framework and 
maximum variation approach, where it was sought to comprehensively capture a 
wide spectrum of heterogeneous contexts of land degradation in order to test rival 
cause-and-effect hypotheses about land degradation. Thus, the main objective in the 
sampling was to ensure the external validity and global relevance of the selected 
case study countries for a big heterogeneity of land degradation, institutional and 
socio-economic situations around the world. 

The sampling strategy consisted of three steps: 

First, earlier analyses of causes of land degradation have identified such key 
socio-economic and institutional underlying factors of land degradation as per 
capita GDP, population density, government effectiveness and agricultural inten- 
sification (Nkonya et al. 2011). Based on these characteristics, the countries of the 
world have been clustered using K-means clustering technique into seven clusters 
with more homogenous within-cluster characteristics (Table 2.2). The decision on 
the optimal number of clusters was guided both by the results of the formal sta- 
tistical Calinski-Harabasz stopping rule (Calinski and Harabasz 1974), 1 and 
graphical and numerical exploratory analysis of the data. Second, the selected 
clusters were formally validated against several key socio-economic and biophys- 
ical variables, which were not part of the initial clustering, such as long-term 
changes in remotely- sensed NDVI values (Tucker et al. 2004), which can be used 
as a potential proxy for land degradation, share of rural population in the total, share 
of agriculture in GDP, average cereal yields per hectare. The identified clusters 
showed significant differences for each of these variables, thus providing a strong 
evidence for the validity of the clustering approach employed (Table 2.2 and 
Fig. 2.2). Third, once the countries have been put through these selection filters to 
ensure their representativeness of global heterogeneity in terms of socio-economic, 
institutional and land degradation characteristics, countries were selected from each 
cluster for in-depth case studies, based on such additional criteria as i) regional 
representativeness, ii) the selected countries have collected or are collecting the data 
required for the assessment. 

This selection of countries is highly and sufficiently heterogeneous in terms of 
both biophysical, socio-economic and institutional characteristics to enable rigorous 
ground-level testing of various causal hypotheses about land degradation, and for 
specifying which causal relationships could be prevailing under each of these 
different interactions of factors. The representativeness of the case study countries is 
also demonstrated by their good coverage of the world biomes (Fig. 2.2). Moreover, 
these globally representative case studies also allow for achieving the objective of 



Milligan and Cooper (1985) conclude, using a Monte Carlo simulation, that Calinsky -Harabasz 
stopping rule provides the best results among the 30 stopping rules they have compared. 
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Fig. 2.2 Global Map showing the correspondence of case study countries to major global biomes 
(, Source Modified from Wikipedia Commons, from http://commons.wikimedia.org/wiki/File: 
Vegetation-no-legend.PNG, accessed on 08 October 2013. Selected case study countries are 
identified by blue circles , and include: Argentina, Bhutan, China, Ethiopia, India, Kenya, Malawi, 
Niger, Tanzania, Russia, Senegal and Uzbekistan.) 



providing national and global-level estimates of costs of land degradation and net 
benefits of taking action against it through SLM investments and policies. The 12 
selected case study countries account for 43 % of the global population and 28 % of 
the land area. 

Given higher levels of development challenges and opportunities posed by land 
degradation impacts, Cluster 1 countries, mostly from sub-Saharan Africa, are 
given higher weight in this particular selection. Naturally, the more is the number of 
case study countries, the higher is the accuracy of generalizations. 

Following this sampling framework, and using the European Joint Research 
Center (JRC) guidelines (Toth et al. 2012), the data collected from the case study 
countries will be interpolated across the corresponding farming systems within the 
same cluster or the same region. No interpolation will be made across regions. For 
example, no data from sub-Saharan Africa will be interpolated to Latin America or 
Asia. This is because the interpolation within a region increases the accuracy of 
results as there are unobservable characteristics that could play an important role in 
causing land degradation. Interpolating within a region minimizes such omitted 
variable effects. 



Conclusions and Reflections 

There have been numerous but isolated attempts in the past to assess the causes and 
consequences of land degradation. However, the differences in concepts and 
methodologies did not allow for their meaningful comparison, and quite often have 
led to contradicting policy conclusions. Only if some basic standards are identified 
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and adhered to, comparative assessments can be conducted between countries and 
useful aggregation of findings, based on these case studies, can be achieved. This is 
quite important for making impact on policy for investment and land use, and for 
getting land degradation problems out of their current obscurity. The proposed 
framework can provide a consistent conceptual basis for other ongoing or future 
similar research activities on economics of land degradation and improvement. 

Certainly, causes, consequences and solutions for land degradation problems are 
not limited to agriculture alone. Reducing poverty, enhancing food security, pro- 
moting rural development through addressing land degradation, require that the 
applied methodologies need to involve all the relevant sectors, institutions, and 
policies. It is also true that one needs to start somewhere — without any doubt, 
agriculture is at the heart of land degradation problems, and while the other sectors 
need to be included too. It is also crucial to incorporate ecosystem values in 
assessing the costs of land degradation, in addition to direct costs. Many of the 
services provided by ecosystems are not traded in markets, so the different actors do 
not pay for negative or positive effects on those ecosystems. The value of such 
externalities may not be considered in the farmer’s land use decision, which leads to 
an undervaluation of land and its provision of ecosystem services. 

What is proposed here is a comprehensive conceptual framework for conducting 
the ELD assessment, concentrating on two core analytical methods demonstrating 
the use of methodological standards to guide other ELD case studies: (1) identifi- 
cation of causes of land degradation, (2) economic modeling of action versus 
inaction against land degradation. However, the conceptual framework represents a 
forward-looking agenda which can guide future research to fill the other elements of 
this comprehensive framework. Therefore, building national and international 
capacities, mobilizing bottom-up national research and action against land degra- 
dation is one of the key expectations from this research work. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Chapter 3 

Institutional Framework of (In) Action 
Against Land Degradation 



Philipp Baumgartner and Jan Cherlet 



Abstract While econometric and spatial data are increasingly helpful to quantify 
and locate the extent and costs of land degradation, there is still little understanding 
of the contextual factors that determine or influence the land users’ practices that 
aggravate or counteract land degradation. In this chapter, we take an institutional 
economic approach to analyse the persistence of degrading practices, the low 
adoption of sustainable land management (SLM), or the eventual organisational 
reaction to land degradation. The chapter reviews four examples of land degrada- 
tion in different contexts to reveal the multiple driving forces and contextual factors. 
We then propose a conceptual framework to better understand the incentive 
structure and factors determining the land users’ decision making. A layered 
analysis of the social phenomena is applied, following Williamson (2000). The 
chapter shows how actions at different layers can help improve land management. 
The chapter concludes with practical recommendations for the institutional eco- 
nomic analysis of land degradation. 

Keywords Land degradation • Institutional economics • Economics of land 
degradation • Mixed method analysis • Sustainable land management 



The chapter builds on earlier work with, and significant contributions of, Ephraim Nkonya and 
Julia Kloos, which is highly appreciated by the two authors. 



P. Baumgartner (ISI) 

Center for Development Research, University of Bonn, Bonn, Germany 
e-mail: ph.baumgartner@gmail.com 

P. Baumgartner 

International Fund for Agricultural Development, Rome, Italy 
J. Cherlet 

Secretariat of the International Land Coalition, Rome, Italy 

© The Author(s) 2016 33 

E. Nkonya et al. (eds.), Economics of Land Degradation 

and Improvement - A Global Assessment for Sustainable Development , 

DOI 10. 1007/978-3-3 19-19168-3_3 



34 



P. Baumgartner and J. Cherlet 



Introduction 



Land degradation as a global phenomenon occurs in many countries and in very 
different ecological, socioeconomic and climatic contexts. Estimations suggest that 
between 20 and 30 % of the global land surface is already degraded (Imeson 2012; 
Stavi and Lai 2014; Le et al. 2014). Anthropogenic as well as natural drivers of land 
degradation continue to exist and some even accelerate (see Chap. 7), mainly due to 
climate change and population growth. Sustainable land management (SLM) and 
mitigating measures are widely known, but adoption rates remain low. Two 
explanations for action and inaction prevail: (i) actor-oriented explanations that 
focus on socio-economic characteristics of the land user, suggesting that 
resource-poor households do not have the capacity, incentives or resources to invest 
in land improvement, and (ii) institutional economic explanations that underline the 
importance of constraining and enabling environments within which the land users 
take their land-use decisions. 

This chapter presents a framework that combines and links both perspectives, 
demonstrating their complementarity. The framework includes the different layers 
of the institutional environment within which land users take their decisions. It 
builds on the works of Williamson (2000) and his analytical framework for insti- 
tutional analysis as well as relevant sections in Nkonya et al. (201 1). 1 

The chapter starts with a review of the existing literature on the action/inaction 
against land degradation and identifies, by means of four instructive case studies, 
the knowledge gap in the institutional understanding of this action/inaction. 
A structured analysis of the four cases reveals that the drivers of land degradation 
and the actors’ behaviour related to land degradation are regulated and modified 
through different institutional layers. 2 In the second half of the chapter, we list a 
number of possible institutional responses to land degradation, showing how 
multiple entry paths can address the issue sustainably. The chapter concludes with 
policy recommendations and indications for future research. 



Review of Institutional Causes of Land Degradation 

About 3.2 billion people are affected by land degradation globally (Chap. 4). 
Population pressure, poverty, and market and institutional failures are commonly 
identified as the main drivers of land degradation (Kirui and Mirzabaev 2014). 
However, the link between the drivers on the one hand and land degradation on the 



'We expand on discussions in Nkonya et al. (2011) by adding examples to underline the impli- 
cation of applying a layered approach to economic analysis of land degradation. 

2 These different institutional layers are understood as different sets of economic/social rules that 
act upon individuals/society at different speeds, with different purposes, and with different degrees 
of formality. Therefore, these different layers need to be analysed separately. 
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Fig. 3.1 Conceptual framework The mediating role of institutions in land degradation and land 
improvement {Note The links are not necessarily uni-directional; there are feed-back loops. 
However, to understand the behaviour of the land-user, the simplified scheme shows how his or 
her decisions “filter” through a number of institutional levels (e)) 



other hand is not direct. The drivers of land degradation (‘d’ in Fig. 3.1) are 
mediated and altered by the institutional environment (‘e’ in Fig. 3.1). Land 
improvement and mitigation of land degradation can come about through beha- 
vioural change of land users and following their re-allocation of resources (money, 
time, etc.) to land-improving practices. The land users’ decision regarding their 
resource allocation will depend on contextual factors such as incentives, knowl- 
edge, capabilities or access to resources. These are partly a function of their 
socio-economic characteristics (‘c’ in Fig. 3.1), and partly the outcome of the 
institutional environment which enables and constrains their actions. 3 Analysis of 
land degradation and measures against it should thus consider these three 
dimensions. 



Text box 3.1: Definitions 

Institutions, defined here as “the formal and informal rules governing eco- 
nomic production and exchange” (North 1990), play a mediating role 
between the society and socio-economic and environmental drivers of land 
degradation and land improvement (Fig. 3.1). 

Organisations are the groups of people bound by a common purpose to 
achieve objectives. They include political bodies such as city councils or 
ministries, economic bodies such as firms or trade unions, and social bodies 
such as associations or churches (North 1990). To reach this common 



3 Some socio-economic characteristics of a land user, as well as some plot-level characteristics can 
be considered exogenous (such as age of the user or slope of the plot), while others can be 
considered the result of the surrounding institutional environment or endogenous. Depending on 
the focus and time span of analysis, some characteristics can be considered exogenous or 
endogenous. For instance the level of education of a land user is not likely to change in the short 
term, but its changes throughout generations can be considered the outcome of education policies. 







36 



P. Baumgartner and J. Cherlet 



purpose, a mutual understanding of this purpose has to be developed, which 
makes decision by other members not only acceptable but also predictable 
(Ostrom 1976). In that sense, perception, understanding and aspiration of 
group members play a role. 



We assume that organisations act as one body, whose economic, social and 
political choices are constrained by the institutions in which it functions. However, 
these organizations or bodies also influence the institutional structure, for example 
by issuing laws or regulation (political bodies), community rules (social bodies) or 
contractual arrangements between business partners (economic bodies). 

Analyses of land degradation often focus exclusively on characteristics at 
household level (indicated as ‘c’ in Fig. 3.1), including the socio-economic char- 
acteristics of the farmers (age, gender, level of education, etc.), characteristics of the 
plot and the natural conditions (farm size, plot size, slope), farm management 
practices, and institutional aspects (support programs, access to credits, etc.) to 
explain land degradation (Tenge et al. 2004; Bravo-Ureta et al. 2006). Following a 
quantitative logic, data is often obtained through surveys and objectified in 
econometric analyses. 

However, the socio-economic characteristics obtained at household level do not 
always fully explain land degradation. For instance, age or level of education are 
ambiguous characteristics and their role in the adoption of SLM practices is not 
straightforward. Pender and Kerr (1998) and Tenge et al. (2004) identified a pos- 
itive influence of education on investment in indigenous conservation measures. To 
the contrary, Scherr and Hazell (1994) found a negative link between education and 
the adoption of labour-intensive land management practices, due to the higher 
opportunity cost of labour for farmers with a higher education. Asfaw and 
Ademassie (2004) found that education was positively related to the application of 
fertiliser. The inverse farm-size-productivity relationship (Lamb 2003; Lipton 
2009) has shown that small-scale farmers invest more in labour intensive land 
management than large-scale farmers. However, the adoption of SLM measures 
increases with an increasing farm size (Norris and Batie 1987; Pender 1992; 
Bravo-Ureta et al. 2006; Amsalu and de Graaf 2007). This positive relationship is 
due to the ability of large-scale farmers to purchase inputs such as fertilizer or use 
labour-saving technologies. Some land management practices, such as tree planting, 
could take away some land area and are therefore less desirable to small-scale 
farmers (Bekele and Drake 2003). Livelihood strategies and the mix of income 
sources matter as well: Hopkins et al. (1999) and Pender and Kerr (1998) showed 
that non-farm income has a positive effect on the adoption of SLM, whereas 
Amsalu and de Graaf (2007) found that non-farm income had a significantly 
negative impact on the continued use of stone terraces. 

However, all the studies referred to above have found that the impacts of these 
biophysical and socio-economic factors are context- specific. In other words, the 
household level characteristics (‘c’) explain part of the story, but the broader 
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institutional environment (‘e’) plays a major role, too. To understand the role of 
institutions it might be helpful to see that similar drivers of land degradations (‘d’), 
such as population growth, can lead to opposite outcomes, depending on the sur- 
rounding context (Fig. 3.1). We give four case studies of the adoption or 
non-adoption of sustainable land management practices from around the world, 
with a focus on the institutional environment (‘e’ in Fig. 3.1). The subsequent 
analysis of the four examples will illustrate the multiple dimensions of these two 
broad categories. 

Case 1: Different factors explain adoption of organic fertilizer in China 

(Xu et al. 2014) 

Soil salinity is a severe problem in China, as in many other parts of the world. 
Application of organic fertiliser, especially in combination with chemical fertiliser 
can reduce the negative impact of saline soils on crop land’s productivity in a cost 
efficient way (Liu et al. 2010). While for the last half century the use of chemical 
fertilizer has risen dramatically, the use of organic fertiliser 4 decreased, which led to 
augmented risk of secondary soil salinization. In that regard, farmers’ fertiliser 
choice impacts strongly on saline soil farmland’s productivity. Xu et al. (2014) 
made a comparative study of eight villages in three saline soil areas in China, 
exploring the relative importance of household characteristics, land policy measures 
and contextual elements in mitigating soil salinity. The three locations (Kenli, Jilin; 
Zhenlai, Shandong; and Chabuacher, Xinjiang) are characterised by different levels 
of socio-economic development, different types of agricultural land use and dif- 
ferent soil conditions. In each village 20-50 farm households were interviewed to 
gather information on household and plot characteristics, the tenure of the saline 
farmland, and agricultural policy and social service system. Monoculture prevailed 
and farming was the main income for most of the households. Education levels 
were low and the labour force was middle-aged. Income structures were similar 
across the three areas and comparable to other areas of rural China. Overall, organic 
fertiliser application was higher in the poorer areas and decreased with raising 
average income of the area. However, an econometric analysis revealed that the 
decision to apply organic fertiliser — which has high input cost in the form of labour 
and shows results only in the medium term — depends much on the land tenure 
arrangement. Farmers were much more likely to apply organic fertiliser on land 
they had directly contracted, rather than subcontracted with shorter lease duration. 
Also the stability of the tenure arrangement and the willingness of farmers to 
mortgage the land played a role. Farmers mortgaged their land to get additional 
funding, which they then invested to increase the plot’s productivity and to expand 
the scale of agricultural production. Finally, policies had an effect as well: subsidies 



4 Organic fertiliser use is understood as returning crop residue and crashed stalks to the ground, 
mulching, application of biogas slurry, livestock manure as well as oil cake and green manure (Xu 
et al. 2014). 
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for organic fertiliser and the level of technological extension services affected 
farmers response. 

The most interesting aspect of the study by Xu et al. (2014) is that across the 
three Chinese counties, dilferent variables seemed to explain the farmers’ decision 
to apply organic fertiliser or not. In the most developed of the three locations 
(KenLi), on the eastern coastal area, land tenure (i.e. institutions) played the biggest 
role in the households’ decisions. In the north-western county (Zhenlai), with 
average household incomes, the household characteristics were most significant. In 
the western location (Chabuachaer), which is the poorest of the three locations, 
subsidies for organic fertilisers explained the high rates of adoption. 

Case 2: Political context drives land degradation in Jocotan, Guatemala 

(Warren 2005; as cited in FAO 2006) 

The Jocotan municipality, located in southeast Guatemala, is dominated by five 
rivers and has a very hilly landscape whose altitude ranges from 300 to 1800 m. 
The natural vegetation is subtropical rain forest in the valleys, acacia forest on the 
hillsides, and pinewoods in the dryer and chillier highlands. When the Spanish 
colonisers arrived in Jocotan in the 16th century, they started exploiting the fertile 
valley for the intensive cultivation of cocoa, tobacco, sugarcane, sarsaparilla, indigo 
and cattle. The indigenous Ch’orti’ communities of the area were not employed on 
these colonial farms and were forced to move uphill and continue their subsistence 
farming — based on maize — on the dryer and more fragile hillsides. As this land was 
poorer, it required more frequent rotation, which induced them to clear part of the 
acacia forests. In the 19th century, the Spanish colonists took further control of the 
arable land by transferring all communal land titles of the indigenous communities’ 
territories to the municipality while coffee plantations were created in the highlands. 
As the plantations in the valleys and the highlands attracted migrant workers to the 
municipality, the pressure on the land further increased and the Ch’orti’ moved 
further towards less accessible and less productive land. Their subsistence farming 
on the shrinking and increasingly poor land was no longer sustainable and needed 
to be complemented with the sale of handicrafts or wage labour on the plantations. 
This situation persisted throughout the 20th century. As of the 1970s, adverse 
conditions on the global food market, local population growth and further frag- 
mentation of the arable plots have plummeted the small-holder farmers into deeper 
poverty, making it impossible to invest in soil conservation or water harvesting. The 
few remaining patches of pinewood on highlands are being used for small-scale 
timber activities and the collection of firewood. The vegetation cover in the 
municipality is now completely insufficient to retain rainfall, humidity and soil — 
aggravating even further the land degradation in the area. The story of the Jocotan 
shows how a changing political context at global and national level can cause land 
degradation at local level. Today the local people and institutions realise the need to 
identify sustainable development alternatives in order to combat land degradation. 
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Case 3: Fragmentation of tenure contributes to land degradation in Nyando 
River basin, Kenya 

(Swallow et al. 2005; as cited in FAO 2006) 

The Nyando River basin, which covers around 3500 km 2 in western Kenya, is one 
of the poorest and most degraded areas of the country. The basin is home to about 
750,000 people from principally two ethnic groups: the Luo in the lower and 
middle parts of the basin and the Kalenjin upstream. The land uses vary consid- 
erably along the river. The Kalenjin area is covered by protected forests, by 
small-scale farms in zones that over the past 40 years have been “degazzetted” as 
forests, and large-scale commercial tea plantations in the highlands. The middle part 
presents a mixture of land uses, including both smallholder farms (maize and beans 
and some cash crops as coffee and banana) and large-scale commercial farms 
(mostly sugar cane). The flood-prone shores of lake Victoria, in which the river 
drains, are used by the Luo for subsistence farming of maize, beans and sorghum, 
and by commercial farmers for the production of sugar cane and rice. The tenure 
systems that regulate the access to land and water equally vary along the river. 
There are three types of private tenure on government land (former ‘crown land’) — 
large agricultural leaseholds, subdivided agricultural leaseholds and 
non-agricultural leaseholds — and four types of private tenure on trust land — free- 
hold land in adjudication areas, 5 freehold land in settlement schemes, 
non-agricultural leaseholds, and group ranches. There are also five types of public 
land in the Nyando basis, including native reserves. Land degradation and soil 
erosion in the Nyando river basin varies according to the tenure system that governs 
the land and water resources in the different areas. It is most severe in the subdi- 
vided agricultural leaseholds and in freehold land in adjudication areas, due to poor 
land-use planning during the 1960s and early 1970s when large farms were sub- 
divided and sold to communities or smaller companies. Also the native reserves on 
public land suffer from severe land degradation, due to the natural growth of the 
populations living in these reserves and the fragmentation of the plots. 

Case 4: Participatory land conservation policies reduce land degradation in 
Tunisia 

(De Graaff et al. 2013) 

Tunisia is a country strongly affected by land degradation and desertification. 
Measures to conserve soil and water sources were already undertaken before the 
Roman period. After independence, the government put a strong focus on tree 
planting, contour ploughing and limited grazing in erosion prone zones. In the 
1960s, focus was put on large scale conservation efforts, mainly through the con- 
struction of huge earth bunds (banquettes). An area of about 700,000 ha was 
covered and costs for these measure reached USD55 million. However, in 1976 
only 23 % of these bunds were still intact. While technicians indicated that the 



Adjudication is the process of authoritatively ascertaining existing land rights. This process is 
used in the conversion of land held under customary tenure into individual holdings. 
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measures had not been effective for the given conditions, others indicated that a lack 
of farmer involvement in planning of the bunds resulted in low acceptance. 
Especially since in the 1960s a land reform and policy of collectivisation had 
created high resistance among farmers and scepticism with regard to central level 
land policies. In the 1970s not much policy effort focused on soil and water con- 
servation or sustainable land management. However, the Institute for Arid Regions 
(IRA) was established in the Southern part of the country in 1976, which since then 
played a major role in improving rangeland management, as well as water har- 
vesting practices in the arid hillside area. In addition, the construction of new dams 
in Central Tunisia led to increased focus on reduction of sedimentation further 
upstream. In the 1980s, contour-ridged terraces on an area of 25,000 ha were built. 
Large-scale dam building programmes in the 1970s and 1980s did not alter the 
farmers’ cropping or herding practices in the hillside areas (De Graaf et al. 2013). In 
the mid-1980s a Soil and Water Conservation department was established in the 
Ministry of agriculture and policy formulation became more participatory. The first 
10 year National Soil and Water Conservation Strategy was launched in 1990, and a 
second followed in 2001. Indigenous measures have increasingly received more 
attention (De Graaff and Ouessar 2002). Finally, in the 2000s, community based 
approaches and Conservation Agriculture, especially direct seeding, were promoted 
by donors and the government, with so far very positive results (De Graaff et al. 
2013). 



Analysis of the Cases 



In all four cases the drivers of land degradation are the same: anthropogenic drivers 
such as population growth and poverty combined with natural drivers such as 
background soil erosion and climate change. However, the characteristics of the 
land users alone do not explain the action/inaction to combat the drivers. A whole 
set of structural — or ‘institutional’ — layers modify, alter, or even determine how the 
drivers translate in actual land degradation. The case of China shows that every 
context has different determinants, which can be situated at household, institutional, 
or governmental level. The Guatemala case highlights that historical events, such as 
the settlement of colonisers in the fertile areas, and economic structures, such as the 
need for labour force, have triggered or aggravated the process of land degradation. 
In the Kenya case it is the type of land and water tenure, and especially the 
fragmentation of land and water tenure, that explain how drivers such as population 
growth and failing institutions determine where land degradation is more or less 
severe. The Tunisian case show that well-conceived policies can be effective in 
changing the land users’ behaviour, but the case also shows that the participatory 
policies of the 1990s were much more effective than the top-down policies of the 
1970s and 1980s. 
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These many different institutional layers can help explain why some land user 
undertake action against land degradation and invest in soil productivity, while 
others do not. Household and plot characteristics (‘c’ in Fig. 3.1) partly explain this, 
but other environmental factors (‘e’ in Fig. 3.1) play the role of modifying interface 
between drivers (‘d’ in Fig. 3.1), farm level characteristics (‘c’ in Fig. 3.1) and 
action/inaction. In the next section we make a fine-grained analysis of this insti- 
tutional interface (‘e’ in Fig. 3.1). 



Analytical Framework: Layered Approach of Institutional 
Economic Analysis 



Institutions define the structure within which (economic) actors make decisions and 
shape their choices for action and exchange. Williamson (2000) distinguished four 
levels of institutional analysis (see Fig. 3.2) depending on their velocity of change. 
The top level is the level of social embeddedness , which comprises customs, tra- 
ditions and social norms (LI). This level is taken as a given by most institutional 





Level of social analysis 


Frequency of 

(years) 


change Purpose 

of change 


LI 


: 

Embeddedness: informal institutions, j 
customs, traditions, norms, religion 

! 


10 2 to 10 3 


Often non-calculative: 

spontaneous 




i t 








4 T 






L2 


Institutional environment: formal rules 
of the game - esp. property (polity, 
judiciary, bureaucracy) 

4 T 


10 to 10 2 


Get the institutional 

environment right: 1 st order 
economizing 


L3 


4 T 

Governance: play of the game - esp. 
contract (aligning governance \ 

structures with transactions) 

4 T 


1 to 10 


Get the governance structures 
right: 2 nd order economizing 


L4 


4 T 

Resource allocation and employment 
(prices and quantities; incentive 
alignment 


Continuous 


Get the marginal conditions 
right: 3 rd order economizing 



Theoretical approach 

LI: social theory 

L2: economics of property rights 

L3: transactions costs economics 

L4: neoclassical economics/ agency theory 



Fig. 3.2 Analytical framework Layered approach to institutional economic analysis of land 
degradation. Source Adopted from Williamson (2000) 



42 



P. Baumgartner and J. Cherlet 



economists, because changes in this layer are extremely slow and are the result of a 
collective, social process rather than of an orchestrated action by a group of actors. 
Translated in terms of land use, this level includes the norms and traditions that 
govern people’s attitude towards their natural environment and the use of natural 
resources. 

The second level is the institutional level. The social-institutional structures at 
this level are in part the product of evolutionary processes and in part designed 
(L2). Influenced by both old and recent history, this layer includes the judicative, 
legislative, and executive structures of government, as well as their share of power 
(for example, the degree of federalism). The structure and enforcement of property 
rights are part and parcel of this level. 6 The importance of this level is shown in the 
example of Kenya, where the type of land tenure played an important role in land 
degradation. 

At the third level are the institutions of governance located (L3). The focus of 
this level lies on the contractual arrangements between interacting parties — that is, 
to the organization of economic transaction. Every time a contract is renewed, a 
reorganisation of the governance structures is possible (for example in firms). The 
frequency of rearrangements at this level is somewhere between one and ten years. 
The importance of this level is shown by the Guatemalan and Tunisian example, 
where respectively colonial powers and governmental policies periodically changed 
the rules of economic transactions. 

These three levels of discrete analysis of governance structures must be distin- 
guished from the fourth layer, which is the level where neoclassical economic 
analysis and agency theory explain the allocation of resources (such as wages, 
employment, or prices). At this level, firms and farms are typically depicted as 
production functions and analysed as an “optimality apparatus,” whereby prices and 
outputs are adjusted continuously. The example from China showed how the 
characteristics of the farms and land users themselves determined the adoption or 
non-adoption of sustainable land practices. The four levels of institutions are 
illustrated in Fig. 3.2. The conclusion is that the root drivers of land degradation — 
to wit, population growth and poverty — have different effects in different places in 
the world, because they are mediated, altered or aggravated by a number of insti- 
tutional layers. 

It should be noted that depending on the time span considered in the analysis, 
some of the levels are taken as exogenous or given. Most economists, for example, 
consider LI as exogenous, given slow rate of change and difficulty to attribute this 
change. The shorter the time period considered for analysis the more dimensions of 
the institutional environment are taken as exogenous, and hence switch to the 
category of “drivers” in above conceptual figure (‘d’ in Fig. 3.1). However, to 



6 These first-order choices are, without doubt, important for the outcome of an economy (Coase 
1992; Olson 1996). Still, cumulative change of such structures is very difficult to orchestrate, 
though it occasionally takes place when sudden events introduce a sharp rupture in the established 
procedures. 
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understand today’s behaviour of land users (L4) it remains important to see this 
behaviour as framed in an institutional environment (L2 and L3). 



Institutional Framework of Action Against Land 
Degradation 



Action against land degradation necessarily depends on a behavioural change of the 
land users, who should adopt sustainable land management practices. In other 
words, when policy makers devise policies or programs to prevent or revert land 
degradation, whether at local, national or regional level, they are actually adjusting 
the institutional environment (‘e’ in Fig. 3.1) in order to provoke the desired 
behavioural change at individual level. 

In the rest of this section we analyse in a more systematic way the different 
actions that can be taken at each of the institutional layers (L1-L4), to adjust the 
institutional environment in such a way that land users adopt sustainable land 
management practices. 7 Remark, however, that adjustments are usually made at 
several institutional layers (L1-L4) at the time. 



Building on Customs/Traditions, or “LI Actions” 



The cultural embeddedness of norms, customs and traditional institutions makes 
them very resistant to changes. However, history shows numerous examples of 
colonial or totalitarian regimes that have tried to alter traditional institutions. 
Actions at the LI level often impinge on people’s cultural freedom and identity, 
making these actions extremely controversial. 

Yet, this layer of the institutional environment can also be an enabler of sus- 
tainable resource management and the reversion of land degradation. We give two 
examples: one of the artificial creation of new cultural values, and the other of the 
formal recognition of existing cultural values. In Niger, in 1970, the government 
relabeled the Independence day as National Tree Day. This helped raise awareness 
among farmers and land-users to invest in reforestation (Gerber et al. 2014). In 
Mongolia, the government is experimenting with an innovative form of 
co-management of pasture land in 54 pastoralist communities, in which the com- 
munities sign a contract with the local government for the sustainable use and 
rotation of the pastures and for the sustainable management of the land (Ykhanbai 
and Boroowa 2014). This contract is a formalisation of an existing, traditional 
institution. 



7 The presented examples of actions are a selection of measures that worked in the given contexts. 
They serve as illustrations. Nothing guarantees that they would equally work in other contexts. 
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In general, it is impossible to engineer culturally embedded institutions, but 
interventions can build on these culturally embedded institutions. Such bottom-up 
approach in policy design and implementation is also discussed at the following 
two layers. 



Reforms of the Institutional Environment, or “L2 Actions ” 

The level L2 is the institutional environment. It is the level at which the executive, 
legislative, judicial and bureaucratic functions of the government are organised. 
This includes the horizontal distribution of power across different agencies (such as 
different ministries), the vertical distribution across levels (decentralisation), or the 
set of rules that determine access to and ownership of productive resources (tenure). 
The L2 provides the infrastructure and the playing field in which actors interact and 
take decisions. The L2 is often shaped by historic events, such as regime changes, 
crises or major intervention with large political support. While it is mostly the 
product of historical processes, opportunities for design exist. 

Horizontal linkages across ministries At the national level, countries responded 
to natural resource and environmental degradation by forming ministries of envi- 
ronment to address degradation. One of the weaknesses of such ministries was their 
limited interaction with other ministries and departments (Volkery et al. 2006). 
Initially, responsibility for the promotion of soil and water conservation measures 
lay with the forestry ministries. This often led to coordination failure and little 
outreach to farmers and private land user (De Graafif et al. 2013). Promoting sus- 
tainable land management beyond boundaries of ministries might be an important 
pre-condition to reduce conflicting regulations and harmonise national efforts to 
fight land degradation. 

Decentralisation The lack of involvement of local communities in managing 
natural resources is often identified as one of the major reasons for the failure of 
centralised governments to effectively manage land resources (Gibson et al. 2005; 
Robinson et al. 2011). The exclusion of local communities alienates them, which in 
turn leads to poor cooperation between local communities and natural resource 
managers. Ostrom and Nagendra (2006) found that locally-managed forests are 
usually managed more effectively than centrally-managed forests. FAO estimates 
that around one-quarter of forests in developing countries are in some way managed 
by local communities (FAO 2011). The share of community-managed forests is 
increasing, thanks to the promotion of decentralisation and community-based 
management by non-governmental organisations (NGOs) and international organ- 
isations (FAO 2011). 
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Payment for Ecosystem Services (PES) Somewhere between policy making, the 
involvement of local users, and the creation of innovative institutions floats the 
concept of Payment for Ecosystem Services (PES). PES is an economic, 
market-based approach for sustainability: PES schemes try to change the structural 
economic conditions in a certain area in such a way that the local resources users 
are incentivised to alter their resource use to maintain or restore certain ecosystem 
services. PES schemes are increasingly used in developing countries for the con- 
servation of standing forests or wildlife habitat, but they are still in their infancy 
when it comes to combating land degradation. 

The most notorious example of PES to combat land degradation is China’s 
Sloping Land Conversion Program (SLCP). It was initiated by the central gov- 
ernment in 1999 with the goal of reducing water and soil erosion, by converting 
agricultural land on steeply sloping and marginal lands into forest. Set to reforest or 
afforest 16 million hectares of sloping land, the SLCP is one of the largest PES 
schemes in the world (Li et al. 2011). The program is a public scheme, as the 
compensation of farmers is fully paid for by the central government. However, the 
economic incentives of PES schemes need to be well designed in order to ensure 
sustainability and to avoid ‘leakage’ of the negative effects to other regions. 
Therefore, besides direct compensation of the farmers, the Chinese government has 
also created favourable tax conditions for forest products, in order to make the 
conversion of farmland to forested land economically sustainable. 

Tenure Property rights regimes prescribe access to productive resources. For our 
purpose, access to and control over land is key. Especially in rural societies they are 
crucial for most people’s livelihoods, equity and also productivity of farmland 
(Deininger 2003; Lipton 2009). The change of a property right regime requires 
either a change in the political regime, or a high political effort by the existing 
regime. 

Ethiopia constitutes an interesting example. In 1991 the military regime of the 
derg was overthrown and the current political system installed. Initially, tenure 
security was low, causing low level investments in soil conservation measures 
despite high degrees of land degradation (Shiferaw and Holden 1998). Poor 
households even removed soil conservation structures to increase short term yields 
at the risk of long-term damage on land productivity. Increased tenure security 
following a land policy reform in the early 2000s led to a behavioural change 
among smallholders in the densely populated highland. Initially, the tenure reform 
led to perceived lower security of tenure which caused a decline of land conser- 
vation measures (Holden and Otsuka 2014). However, once the new policy was 
accepted and understood, higher levels of investments were reached. Studies in 
Amhara and Tigray indicate that a strengthened feeling of tenure security was 
accompanied by increasing investment in soil conservation (Holden et al. 2009; 
Deininger et al. 2011). 
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Reforms of Governance, or “ L3 Actions” 



The focus of the third layer of social analysis (L3) lies on the governance of 
transactions between actors. Transactions can involve goods, services and rights 
over assets (e.g. property rights to land). An important feature of governance is that 
it should be capable to maintain order and mitigate conflict in the transactions. This 
can be enforced by means of institutional incentives, such as property rights, or 
self-imposed, which is often the case in organisations or communities. One 
important way of influencing or reforming the governance of transactions is through 
the formulation and enforcement of policies. Another way is by creating or 
changing the internal structure or organisation of the groups involved in the 
transactions. Changes of the internal structure can be the outcome of events at a 
higher level, or result from bottom-up feedback in the group. 

Policy measures The Brazilian forest legislation has shown that well-designed 
policy interventions, such as the certification of sustainable production, can 
improve sustainable resource use and reduce forest degradation (vertical integra- 
tion). In the 1990s and early 2000s, deforestation rates were high despite national 
laws protecting the forests. In 2005 deforestation rates started to decrease from its 
highest annual rate of 72,000 km 2 in 2003-04 to only over 7000 km 2 in 2008-09. 
Such a huge decrease was largely due to factors previously unaccounted for, 
namely international demand. Producers of soy bean and beef received special 
certifications and economic incentives if they signed and adhered to moratoriums 
on deforestation. This, as well as international funds for community-based con- 
servation, triggered what may be “the end to deforestation” (Nepstad et al. 2010). 

While the sustainability of this policy intervention in Brazil has still to be proven, 
it has shown that relatively simple measures in a related field (in this case: inter- 
national marketing of agricultural products) directly led to changes in the contracting 
between buyers and producers, and indirectly to positive changes in land use. 

Creation of local management structures As Robinson et al. (2011) discuss in 
their review of sustainable forest management, there is increasing evidence that 
indigenous groups and other communities can be successful at managing forest 
resources, provided that their land tenure is secured (Nepstad et al. 2006; 
Sandbrook et al. 2010; Wynberg and Laird 2007; Stevens et al. 2014). Policies that 
foster and build the capacity of local government and user groups generally enhance 
the sustainable land management at local level. 

A study covering four African countries compared the number of bylaws related 
to natural resource management and observed a clear relationship between the 
number of enacted bylaws and the effectiveness of decentralisation (Ndegwa and 
Levy 2004). In other words, they found a correlation between enforcement of 
bylaws and de facto decentralisation. Ostrom and Nagendra (2006) demonstrated 
that communities manage better their forest resources than the central government 
manages protected forests. Similarly, a number of studies showed that timber and 
firewood theft and poaching were reduced when surrounding communities were 
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involved in managing and sharing the benefits of forests and wildlife (Magrath et al. 
2007; Cooke et al. 2008). The government in Senegal took measures to invest in 
community-based forest planning, especially through awareness campaigns. 8 In 
addition, local communities were incenti vised through access to forest products. 
The results are very positive — area under forest cover quadrupled in the past 
decade, though from a very low initial base (see Chap. 19). 

The pattern emerges that where local organizations are given the mandate to 
manage natural resources they are better at preventing and/or mitigating than their 
central governments (Blaikie 2006; Heltberg 2001; Ostrom 1990). However, an 
extensive review by Blaikie (2006) showed that strong local organisations are a 
necessary but not a sufficient condition for sustainable natural resource manage- 
ment. Participatory approaches to natural resources governance usually imply active 
engagement of local communities and agencies that goes beyond opinion sharing, 
but extends their engagement to interactive dialogue, collective learning, and joint 
action. This type of approach values local knowledge — not only scientific and 
technical knowledge. 

Bottom-up organisation Higher degrees of internal organisation can help a group 
of individuals to pool their resources or knowledge. This can enable the individuals 
or the group to effectively act against land degradation. For most households in 
developing countries labour is a major constraint to productivity and has to be 
allocated across different activities. Especially for labour-intensive conservation 
measures, membership of a local organization with labour-exchange arrangements 
can lead to more effective action against land degradation (Lapar and Pandey 1999). 
Similarly, groups of farmers might pool resources to gain access to new tech- 
nologies and spread innovations — technical as well as organisational — among them 
(Fischer and Qaim 2012). Availability of new technologies, such as mechanical 
mulching of straws, have a strong impact on the adoption of SLM, as the Chinese 
example indicated (Xu et al. 2014). 



Improving Resource Allocation , or “ L4 Actions ” 

A rational farmer may let land degradation happen to the point that the costs of 
additional degradation equals or exceeds the cost of adopting SLM practices. Each 
farmer determines her or his own optimal private rate of land degradation. Depending 
on the circumstances, it may be rational for local users to deplete their land up to a 
certain degree. It may also be rational for farmers to use land degrading practices, 



8 The government initially had to spend substantial amounts in equipment to be distributed to the 
communities. Eventually the expenditure for maintenance and awareness overtook the expendi- 
tures, but led to an overall sharp decrease of expenditure necessary to maintain good adoption 
rates. 
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which have high short-term returns in order to finance higher paying enterprises (e.g. 
non-farm activities) or services (e.g. children’ education or health services). This 
optimal private rate mainly depends on the farmer’s perception of costs and benefits — 
usually the balance between short-term and long-term yield gains or losses. Hence, 
only those ecosystem services that result in higher or lower production levels are 
considered in the decision, whereas those services that are not immediately measur- 
able in terms of lost production (off-site effects) are neglected in the decision. 

From an economic perspective it may be optimal for farmers to make production 
choices in which rates of soil depletion exceed what would be socially optimal. As a 
consequence, the private rate of degradation is not likely to reflect the optimal rate 
of degradation from society’s viewpoint that includes impacts not covered by 
market forces (“externalities”). 9 The optimal private rate of degradation is also 
determined by time preference and risk behaviour (Nkonya et al. 2011). If farmers 
are risk averse, they are less likely to adopt practices with high returns but with high 
risks. Policies for addressing time preference and “high” private optimal rate of land 
degradation require similar policies and strategies as those discussed above. 
Additionally sensitisation on the importance of SLM and moral suasion could 
enhance other incentive-based strategies (e.g. PES). The Senegalese example in this 
book (Chap. 19) also illustrates this phenomenon: the interviewed communities had 
partly agreed to improve their natural resource management. Most succeeded with 
regard to forest and grazing land management. However, the degradation of agri- 
cultural land continued, despite significant on-site and off-site costs. 



Explaining Actors’ Land Use Decision — Actor Oriented 
Approach 



As described above, analyses at the L4 level often consider farms as profit functions 
(Fig. 3.2; Williamson 2000). Action and inaction regarding land degradation is thus 
reduced to cost-effectiveness, which is not likely to explain the phenomenon ade- 
quately. Farmers and their organisation are not only constrained and incentivised by 
their institutional environment but can also act as agents and influence the structure. 
In line with this, Jones (2002) actor-oriented approach can explain different 
behaviour within similar circumstances, while avoiding deterministic frame- 
works. 10 Jones identifies four broad variables or a combination which drive 
decision-makers to invest in maintaining or improving productivity of their land: 



9 This includes environmental impacts such as changes in the value of ecosystem services, sedi- 
mentation as well as indirect effects on the economy, government policies and other institutional 
factors can lead to socially and privately non-optimal rates of land degradation (see Nkonya et al. 
2011 ). 

10 This underlines that the process of a reform might be as important as the content of the reform 
itself, as the capacity created and linkages touched will be of major importance for the sustain- 
ability of the reform. 
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1. Perception of the problem: Land users will only take action to protect or invest 
into their land if they perceive 11 a threat to its productivity or are aware of 
broader economic, social or environmental costs of the phenomenon. 

2. Knowledge about potential mitigation strategies and how to apply them: 
Understanding or knowledge of techniques to remedy the loss of productivity is 
prerequisite for actions to be taken to prevent further loss. Boserup (1965) 
described that in many cases populations faced with increasing density were 
without any knowledge of fertilization techniques. However, though soil and water 
conservation are often key component of indigenous farming, non-indigenous 
observers might not “see” those techniques (Pawluk et al. 1992). In many cases, 
local users may be aware of certain new technologies, e.g. water harvesting or 
mulching, but might lack incentives or the financial means necessary to apply them. 

3. Incentives to invest in productivity of land (or lack thereof): Without the 
perspective to get some future return from investing in the land, owners/users 
are not likely to bear the accompanied costs and will not take action. The most 
notable factors affecting incentives might be the security of tenure. Those may 
take the form of private land titles but also informal institutions such as cus- 
tomary or communal titles can meet this requirement (Ostrom 1990; 
Migot-Adholla et al. 1991; Besley 1995; Gavian and Ehui 1999). Other factors 
also matter: relative priority accorded to land productivity maintenance com- 
pared with, for example, off-farm activities that might yield higher returns to 
labor can play a big role (Jones 2002; Woelcke 2006). 12 Thus, the more off-farm 
activities contribute to the livelihood, the less incentives to maintain land pro- 
ductivity. Disincentives may include feelings of exploitation, e.g. through 
extraction of surplus from landlords or the state, high production risk through 
price volatility, or other external factors. This already indicates that several 
reasons for unsustainable land management might be found off-farm and cor- 
rections will have to tackle those in order to reach lasting improvements. 

4. Capability to invest: This can be seen as a function of available resources 
(conservation or improvement often requires additional land, labour or capital) 
and the social relations determining access and control (Jones 2002). For 
example, the capability to manage common property resources without degra- 
dation signifies an effective system of social organisation (Ostrom 1990). At the 
individual and household level, capability implies the power to make decisions 
and effect action (ibid.). Access to economic resources (capital, credit, labour 
and land) play an important role, but institutional settings strongly matter as 
well. 



1 interpretation of environmental changes is culturally constructed and need to be appreciated for 
thoroughly understanding of farmers’ behaviour. 

12 The application of manure is another example for conflicting use of limited resources. While 
most farmers in arid and semi-arid areas are aware that manure will increase fertility of their plots, 
they are using dried manure for cooking and do not have adequate substitutes for this use. Again, 
policies might have to address this problem from a rather indirect side — maybe subsidizing stoves 
or other sources of energy, will keep manure on the field. 
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Conclusions 



In this chapter, it is argued that neither the root drivers of land degradation nor farm 
characteristics can entirely explain land users’ action or inaction with respect to 
land degradation. We argue that a meaningful analysis of action/inaction has to 
unwrap the black box of institutions and understand how they influence the impacts 
of the root drivers. By means of four examples of land degradation from around the 
world, the reader is made aware of the many forces at work. The chapter then 
proposes an analytical framework, consisting of four different institutional layers, to 
explain the action/inaction of land users against land degradation. 

The analytical framework is as follows. At individual level (level L4), the way 
actors allocate resources depending on farm characteristics but also on the incen- 
tives created by the institutional surrounding. The institutional surrounding is the 
ensemble of cultural values regarding natural resources management (level LI), 
formal institutions for natural resources management (level L2), and policies and 
governance structures for natural resources management (level L3). The second half 
of the chapter shows how actors and organisation can shape the different layers of 
the institutional environment, in order to create the right incentives for the adoption 
of sustainable land management methods, through interventions at any of the four 
institutional layers. 

Implications for policy making Not one institutional measure is the silver bullet 
to mitigate land degradation. However, some measures stand out as generally more 
effective. Decentralisation of competencies and the involvement of local commu- 
nities are often associated with improvements in management of natural resources, 
in particular pastures and forests. Nonetheless, participatory or community action 
alone is not sufficient to revert back land degradation; public policies and public 
investment that support land management are also needed (Koning and Smaling 
2005). Policies could target the poor through investments that increase their 
off-farm employment opportunities and thus reduce dependency on natural 
resources (Barbier 2010). While this is likely to reduce pressure on collectively 
owned or managed natural resources, such as forest, watersheds or range land, it is 
not clear if it will increase investment in protection of agricultural land against 
soil/land degradation. Several authors indicate that decreasing dependence on 
agricultural land also came about with decreasing investment in land conservation 
(Holden et al. 2004; Woelcke 2006). Policy actions have to take into consideration 
at which level of the institutional environment they are aiming to change the setting 
and how those are interlinked with other levels (Fig. 3.2). The probability of 
successful policy implementation and related costs depend on such analysis as well 
as on the consideration of actors involved and how they are positioned with regard 
to the new design (Norton et al. 2008). 

Implications for data generation and analysis Institutions are complex and 
diverse. Analysis of institutions should therefore adopt a certain pluralism of 
approaches (Williamson 2000). One approach is to look for similarities and 
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differences in institutional environments, in order to understand how similar drivers 
can have different outcomes, depending on the institutional setting. The example of 
the study in China (Xu et al. 2014) applied such a strategy. Another approach is to 
look at institutional change over time and see how different institutional arrange- 
ments and governance affected outcomes. The discussion on land conservation 
policies since the 1960s in De Graaflf et al. (2013) illustrates this. When gathering 
and analysing data, it is important to conceptualise the institutional environment 
together with the speed and purpose of its changes and to think beyond the 
household or plot-level characteristics, in order to capture all dimensions of 
action/inaction against land degradation. 



Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Chapter 4 

Biomass Productivity-Based Mapping 
of Global Land Degradation Hotspots 

Quang Bao Le, Ephraim Nkonya and Alisher Mirzabaev 



Abstract Land degradation affects negatively the livelihoods and food security of 
global population. There have been recurring efforts by the international community 
to identify the global extent and severity of land degradation. Using the long-term 
trend of biomass productivity as a proxy of land degradation at global scale, we 
identify the degradation hotspots in the world across major land cover types. We 
correct factors confounding the relationship between the remotely sensed vegetation 
index and land-based biomass productivity, including the effects of inter-annual 
rainfall variation, atmospheric fertilization and intensive use of chemical fertilizers. 
Our findings show that land degradation hotpots cover about 29 % of global land 
area and are happening in all agro-ecologies and land cover types. This figure does 
not include all areas of degraded lands, it refers to areas where land degradation is 
most acute and requires priority actions in both in-depth research and management 
measures to combat land degradation. About 3.2 billion people reside in these 
degrading areas. However, the number of people affected by land degradation is 
likely to be higher as more people depend on the continuous flow of ecosystem 
goods and services from these affected areas. Land improvement has occurred in 
about 2.7 % of global land area during the last three decades, suggesting that with 
appropriate actions land degradation trend could be reversed. We also identify 
concrete aspects in which these results should be interpreted with cautions, the 
limitations of this work and the key areas for future research. 



Q.B. Le (El) 

CGIAR Research Program on Dryland Systems (CRP-DS), 

International Center for Agricultural Research in the Dry Areas (ICARDA), 

PO Box 950764, Amman 11195, Jordan 
e-mail: q.le@cgiar.org; q.le@ alumni. ethz.ch 

E. Nkonya 

International Food Policy Research Institute (IFPRI), 2033 K Street NW, 

Washington, DC 20006, USA 

A. Mirzabaev 

Center for Development Research (ZEF), University of Bonn, Walter Flex Str 3, 

53113 Bonn, Germany 

© The Author(s) 2016 55 

E. Nkonya et al. (eds.), Economics of Land Degradation 

and Improvement - A Global Assessment for Sustainable Development , 

DOI 10. 1007/978-3-3 19-19168-3_4 




56 



Q.B. Le et al. 



Keywords Land degradation • Land improvement • NDVI • Rainfall variation • 
Fertilization 



Introduction 

Land degradation is a global problem affecting at least a quarter of the global land 
area (Lai et al. 2012) and seriously undermining the livelihoods, especially of the 
poor, in all agro-ecologies across the world (Nkonya et al. 2011). Although land 
degradation has been critical problem throughout the history (Diamond 2005), it 
has attained its current global scales, becoming a major global issue especially since 
the second half of the 20th century (Nkonya et al. 2011). Since the first global 
mapping of desertification in 1977 (Dregne 1977), there have been numerous efforts 
at global mapping of land degradation (Oldeman et al. 1990; USDA-NRCS 1998; 
Eswaran et al. 2001). The earlier generation of these studies had been constrained 
by lack of global level quantitative data which could be used for mapping soil and 
land degradation, and therefore were based on expert opinions. The developments 
in the remote sensing and satellite technologies allowed the later studies to be based 
on quantitative satellite data, such as Global Inventory Modelling and Mapping 
Studies (GIMMS) dataset of 64 km 2 -resolution of Normalized Difference 
Vegetation Index (NDVI) data, however, several methodological challenges still 
exist on more accurately estimating the land degradation hotspots (Vlek et al. 2010; 
Le et al. 2012). 

In this context, addressing land degradation may require channeling substantial 
amounts of scarce resources and making long-term investments. These investments 
are likely to yield high levels of social returns and welfare improvements. However, 
all countries in the world have budgetary constraints, necessitating the prioritization 
of such investments. To combat land degradation, both on the international and 
national levels, policy makers often need information about areas of severe 
degradation in order to prioritize national budgets and plan strategic interventions 
(Vlek et al. 2010; Vogt et al. 2011; Le et al. 2012). To achieve this, accurate maps 
of land degradation hotspots — where land degradation is most acute, are needed. 
This study seeks to meet that objective at the global level. 

As indicated above, there have been several efforts in the past to map land 
degradation at the global scale. The major objective of this global study is the 
identification of regions where degradation magnitude and extent are relatively 
high, i.e. geographic degradation hotspots, for prioritizing both preventive invest- 
ments for the restoration or reclamation of degraded land, and subsequent focal 
ground-based studies. Consequently, this mapping of degradation hotspots is dif- 
ferent from, indeed not as contentious as, the production of an accurate map of all 
degraded areas. 
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Literature Review 



Land degradation is a major global problem. There have been many efforts to map 
land degradation at global and regional scales (Dregne 1977; Oldeman et al. 1990; 
USDA-NRCS 1998; Eswaran et al. 2001; Herrmann et al. 2005; Wessels et al. 2007; 
Bai et al. 2008b, 2013; Hellden and Tottrup 2008; Hill et al. 2008; Vlek et al. 2008, 
2010; Le et al. 2012; Conijn et al. 2013; Dubovyk et al. 2013). However, despite these 
efforts, the existing global maps of land degradation are weakened by serious 
shortcomings. The earlier mapping exercises used subjective expert opinion surveys 
as the basis for the maps, with unknown direction and magnitudes of measurement 
errors. The more recent of these studies are making use of now globally available 
remotely-sensed NDVI data (Tucker et al. 2005), but NDVI also has its own short- 
comings as a proxy for land degradation, such as various confounding effects 
(Pettorelli et al. 2005). These include: (1) remnant cloud-cover effects in humid 
tropics, (2) soil moisture in sparse vegetative areas, which reduces the NDVI signal, 
(3) seasonal variations in vegetation phenology (proportional with weather season- 
ality) and time-series autocorrelation, (4) site-specific effects of vegetation structure 
and site conditions (e.g. topography and altitude). These confounding effects can be 
mitigated at some degree, but not completely removed. As a consequence, NDVI 
trend is always affected by unexpected noise, thus bearing considerable uncertainty in 
a way that where there are small magnitudes of NDVI trend, the risk that errors/noises 
in the NDVI data are larger than the trend itself is much higher (Tucker et al. 2005). 

Moreover, there are major factors confounding the relationship between NDVI 
(NPP) trend and human-induced land degradation. These confounding effects 
include: (1) the effect of inter- annual rainfall variation on NDVI (NPP) (Herrmann 
et al. 2005), (2) the effect of atmospheric fertilization on vegetation greenness and 
growth (Boisvenue and Running 2006; Reay et al. 2008; Lewis et al. 2009; 
Buitenwerf et al. 2012; Le et al. 2012), and (3) intensive uses of chemical fertilizers in 
intensified croplands (Vlek et al. 1997 ; Potter et al. 2010; MacDonald et al. 2011). The 
biomass productivity of the land is often a low priority service in many urbanized 
areas, where space provision is usually the most expected service of the land. 

To isolate human-induced biomass production decline from the one driven by 
rainfall, currently, there are different methods: residual trend analysis method 
( ResTrend ) (Evans and Geerken 2004; Herrmann et al. 2005) (Wessels et al. 2007), 
the trend-correlation stepwise method ( Trend-Correlation ) (Le et al. 2012; Vlek 
et al. 2010; Vu et al. 2014a), or trend-correlation with the additional use of rain-use 
efficiency (RUE) (Bai et al. 2008a; Fensholt et al. 2013). The first two methods use 
the correlation between inter-annual NDVI and rainfall data for isolating pixels with 
biomass production decline not caused by rainfall inter-annual variation. If there is 
no other natural drivers of biomass production decline besides the reduction of 
annual rainfall, the biomass production decline in these pixels is likely caused by 
human activities. The comparisons between the uses of two methods at global level 
(Dent et al. 2009) and national level (Vu et al. 2014a) showed similar results. While 
rain-use efficiency has been recently used in some land degradation assessments in 
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dry lands (Wessels et al. 2007; Fensholt et al. 2013), there are concerns about the 
use of rain-use efficiency for continental and global scale (Dent et al. 2009), 
especially in the humid tropics where rainfall is generally not a limited factor of 
primary productivity. 

The effect of atmospheric fertilization caused by elevated levels of C0 2 and NO x 
in the atmosphere (Dentener 2006; Reay et al. 2008) complicates the global 
assessment of land degradation using the NDVI-based approach. Increased atmo- 
spheric fertilization (AF) can cause a divergence between greenness trend and soil 
fertility change as the fertilization effect has not been substantially mediated 
through the soil. The rising level of atmospheric C0 2 stimulates photosynthesis in 
plants’ leaves, thus increasing NPP, but the soil fertility may not necessarily be 
proportional with the above ground biomass improvement. The wet deposition of 
reactive nitrogen and other nutrients may affect positively plant growths as foliate 
fertilization without significantly contributing to the soil nutrient pool, or com- 
pensating nutrient losses by soil leaching and erosion. Global observations, both 
field measurements (Bois venue and Running 2006; Lewis et al. 2009; Buitenwerf 
et al. 2012) and remotely sensed data analyses (Vlek et al. 2010; Fensholt et al. 
2012; Le et al. 2012) show long-term improvement of biomass productivity in large 
areas that cannot be attributed to either human interventions or rainfall improve- 
ment. In Africa, the biomass increased at a rate of 0.63 ± 0.31 mg ha -1 year -1 over 
the past 4 decades for closed-canopy tropical forest sites with ample rain and free of 
human interventions (Lewis et al. 2009). 

As NDVI values can be affected by several site- and land cover- specific factors 
(Pinter et al. 1985; Markon et al. 1995; Thomas 1997; Mbow et al. 2013), different 
locations with the same NDVI value are not necessarily have the same biomass 
productivity. Thus, comparison of biomass productivity between pixels using 
NDVI is a pitfall that should be avoided (Pettorelli et al. 2005). Recent studies 
suggested interpreting the NDVI trend results for each spatial stratum of 
social-ecological conditions in order to gain more insights about likely degradation 
processes and affecting factors in the delineated hotspots (Vlek et al. 2010; Sommer 
et al. 2011; Le et al. 2012; Vu et al. 2014b). Because land use/cover refers to 
ecosystem exploitation (Nachtergaele and Petri 2008) and is conditioned by several 
anthropogenic factors that define the social and ecological contexts for interpreting 
causalities from statistical results, broad land-use classes have been recommended 
for stratifying causal analyses and interpretations of land degradation (Vlek et al. 
2010; Sommer et al. 2011; Vu et al. 2014b). 



The Conceptual Framework 

In this study, “land degradation” is understood in a broad sense. From interna- 
tionally authoritative concepts of United Nations Convention to Combat 
Desertification (UNCCD 2004) and Millennium Ecosystem Assessment (MEA 
2005), land degradation is defined as the persistent reduction or loss of land 
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ecosystem services, notably the primary production service (Safriel 2007; Vogt 
et al. 2011). The aspects emphasized in this definition of land degradation include: 

1. “Land” is understood as a terrestrial ecosystem that includes not only soil 
resources, but also vegetation, water, other biota, landscape setting, climate 
attributes, and ecological processes (ME A 2005) that operate within the system, 
ensuring its functions and services. 

2. The definition focuses on the ecological services of the land: land degradation 
makes sense to our society only in the context of human benefits derived from 
land ecosystems uses (Safriel 2007). Negative changes in soil component (e.g. 
soil erosion, deteriorations of physical, chemical, and biological soil properties) 
are concerned as much as how serious these changes result in reductions of 
supporting (e.g. primary production), provisioning (e.g. biological products 
including foods) and regulating (e.g. carbon sequestration) services of the land 
(i.e. land ecosystem). 

As a consequence, the definition emphasizes the pivotal role of primary pro- 
duction among a wide range of land’s services. The crucial reason for this emphasis 
is that primary production generates products of biological origin, on which much 
of other ecosystem services depend (Safriel 2007). The primary production is the 
basis of food production, regulates water, energy, and nutrient flows in land 
ecosystems, sequestrates carbon dioxide from the atmosphere and generally pro- 
vides habitats for diverse species (ME A 2005). 



Methodology and Data 



The methodological approaches applied in this study build on this previous liter- 
ature and, in fact, seek to address some of the shortcomings of the previous research 
on global land degradation hotspots mapping. 



Proxy Indicator Approach to Mapping of Degradation 
Hotspots 

In the context of land degradation hotspots mapping, land degradation proxies (i.e. 
key indicators that approximate relevant processes of land degradation) are often used 
to delineate degradation hotspots. Although using proxies of land degradation is 
always prone to considerable uncertainties, the proxy method is relevant for mapping 
global, continental and national degradation hotspots due to the following reasons: 

1. The main target is the areas with high magnitude and extent of degradation, i.e. 
where temporal and spatial variations of the used proxies are high and 
observable. This helps mitigate the adverse effects of the inherently high 
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uncertainty of the used proxies (Vu et al. 2014a). The lower is the temporal and 
spatial variation of the used proxies, the lower is the relevance of the proxy 
method. 

2. The considered scale is global, or continental or national and the related need is 
to delineate degradation hotspot at coarse resolution (e.g. 1-10 km) (Vogt et al. 
2011 ). 

3. There are no other data alternatives for long-term (>2 decades), large scale 
(global or continental) assessments (Vlek et al. 2010; Fensholt et al. 2012). 

4. Efforts to improve global/continental land degradation assessment require the 
first version of a global land degradation map to guide where and what needed 
to be verified in the next steps. 



Long-Term Trend of Annual NDVI as the Proxy 
of Long-Term Biomass Productivity Decline 

Given the global scale and long-term perspectives of the study, we used the 
long-term trend of inter- annual mean Normalized Difference Vegetation Index 
(NDVI) over the period 1982-2006 as a proxy for a persistent decline or 
improvement in the Net Primary Productivity (NPP) of the land, thereby delineating 
past land degradation hotspots. This NDVI-based assessment of land degradation 
has been used by many studies (Bai et al. 2008b; Hellden and Tottrup 2008; Vlek 
et al. 2010; Le et al. 2012). However, as we highlighted in the literature review, 
NDVI as a proxy for land degradation has several caveats. Our strategy to address 
these caveats in this NDVI-based mapping of land degradation hotspots is sum- 
marized in Table 4.1. 



GIMMSg-NDVI Data 

The employed dataset of vegetation index Global Inventory Modeling and Mapping 
Studies (GIMMS) Satellite Drift Corrected and NOAA-16 incorporated Normalized 
Difference Vegetation Index (NDVI), Monthly 1981-2006, is called GIMMSg- 
NDVI dataset. This dataset is available for free at the Global Land Cover Facility 
(GLCF), the University of Maryland (GLCF — http://glcf.umiacs.umd.edu/data/ 
gimms/ — accessed in 01 May 2013). 

This GIMMSg-NDVI version is selected for analysis because of several reasons. 
For global land degradation assessment over long terms, there may be no other 
alternative data. At present the GIMMS -NDVI data archive is the only global 
coverage dataset spanning 1982 to recent time. The NDVI dataset was calibrated 
and corrected for view geometry, volcanic aerosols, and other effects not related to 
vegetation change (Pinzon et al. 2005; Tucker et al. 2005). As a result, this new 
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Table 4.1 Measures for mitigating or correcting confounding effects in the presented 
NDVI-based mapping of land degradation hotspots 



Confounding 

factors 


Affected 
relationship or 
process 


Mitigating/correcting 
measure used in this 
study 


Done/advised by 
other studies 


Remnant 

cloud-cover effect 
in humid tropics 


NDVI versus 
NPP weakened 


Only non-flagged pixels 
used (2) a 


Tucker et al. (2005), 
Brown et al. (2006) 


Effect of soil 
moisture in sparse 
vegetative areas 


NDVI versus 
NPP weakened 


Eliminating pixel with 
NDVI < 0.05, arid zone, 
cautions in sparse 
vegetation areas (2) a 


de Jong et al. (2012), 
Fensholt et al. (2012), 
Le et al. (2012) 


Seasonal variations 
in vegetation 
phenology and 
time-series 
autocorrelation 


Inter-annual 
NDVI 
(NPP) trend 
confounded 


Use annually average 
NDVIs instead of 
bi-weekly or monthly 
NDVIs (l) a 


Bai et al. (2008b), 
Hellden and Tottrup 
(2008), de Jong et al. 
(2011, 2012) 


Site-specific effects 
of vegetation/crop 
structure and site 
conditions 


NDVI versus 
NPP weakened 


No spatial trend of 
NDVI used (3) a 
Land-use/cover-specific 
interpretation (6) a 
Eliminate/cautious with 
area having LAI > 4 (6) a 


Pettorelli et al. 
(2005), Vu et al. 
(2014a), Carlson and 
Ripley (1997), Vu 
et al. (2014a) 


Larger 

errors/noises in the 
NDVI data 
compared to the 
small NDVI trend 
itself 


Not reliable 
Inter-annual 
NDVI 
(NPP) trend 


Not consider pixels with 
no statistical 
significance or very 
small magnitude of 
NDVI trend (e.g. 

<10 %/25 years) (3) a 


Le et al. (2012), Vu 
et al. (2014a) 


Effect of 

inter-annual rainfall 
variation on NDVI 
(NPP) 


Mixture 

between 

climate-driven 

and 

human-induced 
NPP trend 


Correct partly rainfall 
effect by consider 
NDVI-rainfall 
correlation (4) a 


Herrmann et al. 
(2005), Bai et al. 
(2008b), Le et al. 
(2012) 


Effect of 
atmospheric 
fertilization 
(AF) on NDVI 
(NPP) 


Mixture 

between 

climate-driven 

and 

human-induced 
NPP trend 


Correct partly AF effect 
by consider NPP growth 
in pristine areas (5) 


Le et al. (2012) 


Effect of intensive 
fertilizer uses on 
NDVI (NPP) 


Mixture 
between 
fertilizer-driven 
NPP soil-based 
NPP 


Masking areas with high 
fertilizer use for 
follow-up study (7) 


Irrelevance of 
considering NPP in 
urbanized areas 


NPP is not 

relevant 

indicator 


Masking urban areas 
from the consideration 
(2) 


Le et al. (2012), Vu 
et al. (2014a) 



a Number within parentheses indicates the related step in Fig. 4.1 
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Fig. 4.1 Procedure of biomass productivity-based assessment of NDVI. Note The bold text 
indicates relatively new features compared to previous studies 

GIMMS NDVI dataset, used in this study, is relatively consistent over time and is 
of higher quality compared to the previous versions produced by the GIMMS group 
(Brown et al. 2006). Using Terra MODIS NDVI as a reference (Fensholt et al. 
2009) in Sahel region found that the GIMMS NDVI data set is well-suited for long 
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term vegetation studies of the Sahel-Sudanian areas. The GIMMSg-NDVI archive 
“should provide a large improvement over previously used NDVI data sets, because 
the data are collected by one series of instruments, and they give a more realistic 
representation of the spatial and temporal variability of vegetation patterns over the 
globe” (GLCF accessed in 01 May 2013). 

Validity of the GIMMS dataset has been discussed in previous studies (Tucker 
et al. 2005; Brown et al. 2006), and is subjected to ongoing validation (Fensholt 
et al. 2012; GLCF accessed in 01 May 2013). The procedure of the analytical flow 
is shown in Fig. 4.1. The detailed explanations of major analysis steps are given in 
the corresponding results sections for better contextual understanding. 



Results 

Aggregating Annual Mean NDVI Time-Series (1982-2006) 

(Step 1 in Fig. 4.1) 

To minimize the confounding effects of seasonal variations and time-series auto- 
correlation, we used annual average NDVI instead of the original bi-weekly 
GIMMS NDVI time-series, which is similar to Hellden and Tottrup (2008) and 
Vlek et al. (2010). This treatment is supported by the recent findings of de Jong 
et al. (2011). They found that inconsistencies between the linear trends of annually 
aggregated GIMMS NDVI and the seasonality-corrected, non-parametric trends of 
the original GIMMS NDVI time-series (biweekly) were mainly on areas with weak 
or non-significant NDVI trends, which are not central in our hotspot approach. The 
year 1981 was excluded because it has only data for the later 6 months (July- 
December). As a result, there are 25 annual mean NDVI images calculated from 
600 original GIMMSg images. 



Masking Ineligible Pixels ( Step 2 in Fig. 4.1) 

As explained in Table 4.1, pixels with the following statuses were masked from the 
course of the analyses. To partly avoid the effect of cloud cover or cloud shade, 
flagged GIMMS pixels, i.e. flag > 0 indicates a not good value of NDVI, were 
masked. As NDVI is not a suitable indicator of NPP in bare, or very sparse veg- 
etation, pixels with NDVI < 0.05 were masked. Pixels with bare surface, urban and 
industrial areas, based on GLOBCOVER version 2.2 data (Bicheron et al. 2008), 
were masked. Figure 4.2 depicts the resulting global pattern of the average annual 
mean NDVI over 1982-2006 on the eligible (non-grey) areas. 
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Significant Trend of Annual Mean NDVI Over 1982-2006 
(25 Years) (Step 4 in Fig. 4.1 ) 

Temporal Slope Metrics and Statistical Test 

For each pixel i, the long-term trend of annual NPP (via vegetation index) can be 
formalized by the slope coefficient (Ai) in the simple linear regression relationship 

V i =A i xt + B i (4.1) 

where V{ = annual mean NDVI, A { = long-term trend of NDVI, t = year (elapsing 
from 1982 to 2006), B x = intercept (an indicator for a possible delay in the onset of 
degradation). The computed slope coefficient A t for each pixel was tested for sta- 
tistical significance at different confidence levels at 90 % (p < 0.1), which is 
sufficient for long-term trend analyses of noisy parameters like NDVI (Le et al. 
2012; Vlek et al. 2010). 

Figure 4.3 shows the significant trend in a statistical manner only. A statistically 
significant trend can be with a too small magnitude that can be either not significant 
in practice, or lower than errors/noises in NDVI time- series. Both cases should not 
be meaningful for consideration. Thus, it is much more meaningful to look at the 
relative change in inter-annual NDVI compared to the period mean (see Fig. 4.2). 



Significant Biomass Productivity Decline 

Significant biomass productivity (annual mean NDVI) decline is defined by the 
following criteria: negative NDVI slope with a statistical significance (p < 0.1), and 
Meaningful magnitude of the NDVI decline: relative NDVI annual reduction > 
10 %/25 years (or >0.4 %/year) (Vlek et al. 2010; Le et al. 2012; Vu et al. 2014a). 
There are two reasons for selecting this cut-off threshold. 




Fig. 4.2 Average annual mean NDVI (scale factor = 1000) of the period 1982-2006 
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Fig. 4.3 Significant (p < 0.1) slope of inter-annual NDVI over 1982-2006. Notes White areas are 
with either no data, or statistically non-significant trend. There has been no minimal threshold of 
NDVI slope applied yet 



First, from a common sense, a reduction rate of less than 0.4-0. 5 % per year can 
be considered to be insignificant in practice. Second, with these very small mag- 
nitudes of NDVI trend, the risk that inherent errors/noises in the NDVI data are 
larger than the trend itself is high, making the NDVI trend less reliable (Tucker 
et al. 2005). This cut-off value helps avoid that risk. 

Figure 4.4 shows spatial pattern of annual decline of biomass productivity in 
percentages of the period mean of NDV (Fig. 4.4a) and in the dummy scale (i.e. 
1 = significant productivity decline, 0 = otherwise) (Fig. 4.4b). 



Correction of Rainfall Variation Effect 

The significant decline of inter-annual NDVI shown in Fig. 4.4 can be attributed to 
either temporal variation in rainfall or human activities (e.g. land cover/use con- 
version and/or change in land use intensity). The annual rainfall data for the period 
1982-2006, which was extracted from the TS 3.1 dataset of the Climatic Research 
Unit (CRU) at the University of East Anglia (UK), were used for the isolating 
purpose. The original data include grids of monthly rainfall data at a spatial reso- 
lution of 0.5°, covering the 1901-2006 period (Jones and Harris 2008). To match 
the spatial resolution of AVHRR-NDVI data for later analysis, the grid cells of 
rainfall data were re-sampled to match with the 8-km resolution of NDVI data, 
using nearest neighbor statistics. The Trend-Correlation method is used to account 
for rainfall variation effect. The procedure of Trend-Correlation method (Vlek et al. 
2010) involves: For each pixel, Pearson’s correlation coefficient between 
inter-annual NDVI and rainfall over the 1982-2006 period (Rj) is calculated. The 
statistical significance for pixel-based correlation coefficients at a confidence level 
of 95 % (p < 0.05) is tested. A pixel was considered to have a strong correlation 
between its inter-annual NDVI and rainfall if the correlation coefficient was 



66 



Q.B. Le et al. 





Fig. 4.4 Significant (p < 0.1 and reduction rate >10 %/25 years) biomass productivity decline 
over 1982-2006. a Annual reduction rate (% of period mean), b dummy scale (area of significant 
productivity decline = 15,336,128 km 2 ) 



significant (p < 0.05) and greater than 0.5 or lower than -0.5. If the pixel has a 
significantly negative NDVI trend (negative A h p < 0.1) and a strongly positive 
vegetation-climate correlation (Ri > 0.5, p < 0.05), the NDVI decline at the location 
was determined by the rainfall factor. Otherwise, the NDVI decline was likely 
caused by non-climate factors. The limitation of the method is that in the pixels 
with significantly negative NDVI trend and positive vegetation-rainfall correlation 
(or non-significant residue trend in ResTrend method), both rainfall and human 
effects can be mutually exclusive. The elimination of these pixels may also exclude 
some human-induced degradation areas. The long-term response of inter-annual 
NDVI to rainfall variation is shown in Fig. 4.5. Then, the NDVI decline pattern 
from which rainfall-driven pixels were masked is given in Fig. 4.6. 
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(a) 





Fig. 4.5 Long-term response of inter- annual NDVI to rainfall variation (1982-2006): a correlation 
coefficient (Rxy) between inter-annual NDVI and rainfall, b area of rainfall-driven NDVI dynamics 
( p < 0.05 and R ^ > 0.5) that was masked from further analysis (masked area in blue = 10,654,464 km 2 ) 




Fig. 4.6 Significant (p < 0.1 and reduction rate >10 %/25 years) biomass production (NDVI) 
decline corrected for rainfall effect (area in red = 14,525,952 km 2 ) 



68 



Q.B. Le et al. 



Correction of Atmospheric Fertilization Effect 
( Step 5 in Fig. 4.1) 

Calculate the Sub-component of AF-Driven Growth 

The actual change in vegetation productivity can be considered the net balance 
between the partial changes caused by human activities and those caused by natural 
processes (i.e. effects of rainfall and/or AF). In pristine vegetative areas, actual 
vegetation dynamics can be driven by only natural drivers as the human-induced 
component of biomass dynamics can be assumed to be zero. If these areas, in 
addition, have no correlation between biomass productivity and weather parame- 
ters, weather effects can be neglected and the actual growth can be assumed to be 
caused by atmospheric fertilization (Vlek et al. 2010). Thus, the quantum of 
AF-driven growth of a particular vegetation type can be found in the pristine (no 
significant human disturbance) areas of that type with no NDVI-rainfall correlation. 

Based on the map in Fig. 4.6, the total land with significant biomass production 
decline (p < 0.1, reduction rate >10 %/25 years) corrected for rainfall effect is 
about 14.5 million km 2 , or about 10 % of the total global land area (i.e. 
226,968 pixels, or 14,525,952 km 2 ). We defined the above-mentioned areas by 
applying an overlaying scheme as shown in Fig. 4.7. 

As a result, we identified 246,159 pixels (i.e. 15,754,176 km 2 ) belonging to 85 
‘pristine’ (no significant human disturbance) Cover-Climate types that are all with 
no significant NDVI-rainfall correlation (see Fig. 4.8). As explained, vegetation 
biomass dynamics in these areas are likely driven by atmospheric fertilization 
(AF) effect. 




Fig. 4.7 Overlaying scheme for defining areas of pristine (no significant human disturbance) 
vegetation with no NDVI-rainfall correlation, where biomass dynamics are likely AF-driven 
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Fig. 4.8 Spatial pattern of pristine vegetation with no NDVI-rainfall correlation where biomass 
dynamics are likely AF-driven (area in green = 15,754,176 km 2 ) 

The correction of AF effect was then done by three steps: 

1. Calculate means of NDVI slope for each Cover-Climate-No Correlation types: 
dNDVI AF k /dt where k indexes the Cover-Climate type. 

2. Re-calculation of AF-adjusted inter-annual NDVI time-series through sub- 
tracting the NDVI data by quantum dNDVI AF?k /dt. This re-calculation of NDVI 
time-series was specific for each Cover-Climate class k, i.e. AF-driven NDVI 
accrual for each class was used for recalculation of NDVI time-series on else- 
where with the same class 



NDVI AF _ a djusted,1983,k = NDVIi 98 2,k ~ 1* dNDVI AF5k /dt 
NDVI AF _ a dj U sted,i984,k = NDVIi 98 2,k — 2* dNDVI A p 5k /dt 
NDVI AF _adjusted,1985,k = NDVIi 98 2,k — 3* dNDVI AF , k /dt 



ND VI^ _ adjusted, 2006 ,k = NDVIi 98 2,k — 24* dNDVI AF , k /dt 

3. Re-calculate the trend of inter-annual AF-adjusted NDVIs, test the statistical 
significance of the trend, and calculate NDVI ^.adjusted — Rainfall correlation. 

The AF-corrected significant biomass productivity decline is showed in Fig. 4.9a 
(in % of period-mean NDVI AF _ ad j U sted) and Fig. 4.9b (in dummy scale). There are 
633,443 pixels, i.e. 40,540,352 km 2 of global land (i.e. 27 %) likely to have 
experienced significant biomass productivity decline given that the effects of 
rainfall and atmospheric fertilization are taken into account. 



Identification of Areas with Saturated NDVI and Relation 
to Land-Use/Cover Strata ( Step 6 in Fig. 4.1) 



The NDVI-vegetation productivity relationship can be saturated, thus biased in 
areas with dense vegetation canopies (Pettorelli et al. 2005). In the areas having 
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(a) 




(b) 




Fig. 4.9 Significant productivity decline with correction for both atmospheric and rainfall effects: 
a relative annual rate, b dummy scale (area in red = 40,540,352 km 2 ) 



dense vegetation with Leaf Area Index (LAI) more than 4, the relationship between 
NDVI and the vegetation biomass tends to be saturated (i.e. NDVI is less sensitive 
to actual biomass change), thus should be used with special cautions (Carlson and 
Ripley 1997). 

We calculated the mean annual LAI of the period 1982-2006 by using the 
GLASS LAI dataset (Liang and Xiao 2012; Xiao et al. 2014). To avoid the com- 
putational abundance (each year has 46 8-day LAI images), we calculated the mean 
of 8-day LAI in representative years 1985, 1990, 1995 and 2000 (i.e. 
n = 46 x 4 = 184 global images taken into account). 

As a result, of 633,443 declined pixels in Fig. 4.9 there are 71,755 pixels (11 %) 
with LAI > 4 possibly making their NDVI trend not reliable for indicating vege- 
tation biomass productivity. Land degradation in these NDVI-saturated pixels 
should be considered with other indicators, rather than NDVI signals. Given the 
NDVI-saturated pixels masked, the area of biomass productivity decline is about 
36 million km 2 , i.e. 24 % of global land area. These areas are shown in Fig. 4.10a 
(in % of period-mean NDVIAF-adjusted) and Fig. 4.10b (in dummy scale). The 
map in Fig. 4.10a shows that most of NDVI degrading areas have small annual 
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Fig. 4.10 Significant productivity decline with correction for rainfall and atmospheric fertilization 
effects and masking of NDVI-saturated pixels, a Relative annual rate, b dummy scale (area in 
red = 35,948,032 km 2 ) 



reduction magnitude (i.e. less than 1 %/year, as showed in the area in pink). Given 
the inherently high noise of NDVI signal, uncertainty of the calculated degrading 
trend in these pink areas can be higher than the pixels with higher annual NDVI 
reduction rate, i.e. the red to dark red pixels in Fig. 4.10a. 



Relation to Land Cover Strata 

At the resolution of this global study (i.e. 8-km pixel), many sub-classes of scattered 
land cover/use (e.g. slash-and-bum field, mountain paddy rice terraces and fruit 
plantations) will be dissimulated. Thus, we used 7 broad land use/cover classes (see 
Fig. 4.11) aggregated from 23 classes of the Globcover 2005-2006 data (Bicheron 
et al. 2008). The spatial pattern of long-term (1982-2006) NDVI decline with 
correction of RF and AF effects and masking of saturated NDVI zone versus main 
land cover/use types is shown in Fig. 4.11. The related statistics for regions in the 
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Fig. 4.11 Areas of long-term (1982-2006) NDVI decline (with correction of RF and AF effects 
and masking saturated NDVI zone) versus main land cover/use types 



world are summarized by major world regions in Table 4.2. Table 4.2 shows at 
varying magnitudes of land degradation according to land use/cover types and 
geographic regions. One of the key highlights of this summary is the substantial 
shares of degradation in grasslands and shrublands, especially in North Africa and 
Near East (52 %) and Sub-Saharan Africa (40 %), which negatively affects the 
livelihoods of especially the pastoralist communities. In a related note, about 43 % 
of the areas with sparse vegetation are degraded in Asia. Quite often, these areas 
also serve as grazing grounds for ruminants, for example in Central Asia (Pender 
et al. 2009). The share of cropland degradation seems especially high in Asia 
(30 %), North Africa and Near East (45 %), the regions with extensive irrigated 
agriculture. 

These results in Fig. 4.11 and Table 4.2 should be treated with special cautions 
regarding the following aspects: 

1 . Although pixels of saturated greenness (LAI > 4) are masked out, the indication 
of biomass production dynamics using inter-annual NDVI trend in the forested 
areas (data in 2005-2006) may not be reliable compared to those of herbaceous 
vegetation types. The reason would be that most biomass of closed forest is in 
the woody component whose annual dynamics (rather relatively slow or steady) 
may not be necessary well-related to annual greenness of the forest canopy 
(rather rapidly variable). Moreover, with forest ecosystems, especially those 
used for nature protection, biodiversity is often a prioritized task in the 
ecosystem assessments. However, increases of biomass production and/or soil 
nutrients may not necessarily be correlative with biodiversity maintenance. For 
example, invasion of exotic plant species can lead to high biomass productivity 
but dramatically reduce biodiversity, which is not desirable regarding the 
land-use purpose (Nkonya et al. 2013). Increasing of soil nutrients can reduce 
plant diversity in some cases (Chapin et al. 2000; Sala et al. 2000; Wassen et al. 
2005). 
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2. NDVI signal may not be a suitable indicator of degradation of sparse vegetation 
areas. When wet exposed soils tend to darken, i.e. soils’ reflectance is a direct 
function of water content. If the spectral response to moistening is not exactly the 
same in the two spectral bands (IR and NIR), the NDVI of sparsely vegetative 
areas can appear to change as a result of soil moisture changes (precipitation or 
evaporation) rather than because of vegetation changes. 1 Although soil-adjusted 
vegetation index (SAVIs) (Huete 1988) can help improve the correlation between 
the index and the actual vegetation status, vegetation biomass itself may be not so 
crucial for indicating the status of the exposed soil. 

3. The attribution of “human-induced” degradation to the “rainfall- and atmospheric 
fertilization-corrected” NDVI decline makes sense in areas where there is no 
other natural drivers of biomass production decline besides the reduction of 
annual rainfall and atmospheric fertilization. Event-based wild fires which may 
be a factor that has likely reduced biomass production in remote, unpopulated 
regions like Alaska (Boles and Verbyla 2000) or the inland of the Australian 
continent (Kasischke and Penner 2004). Thus, the term “human-induced 
degradation” may be less applicable in these areas. Furthermore, the use of 
mean annual NDVI can reduce partly, but not eliminate completely the effects of 
change in the seasonality of weather parameters that are important in many 
climate change scenarios. 



Potential Soil Degradation Masked by Fertilizer Application 



The trend of above ground biomass productivity can be an indirect indicator of soil 
degradation or soil improvement if the nutrient source for vegetation/crop growth is 
solely, or largely, from the soils (i.e. soil-based biomass productivity). In the 
agricultural areas with intensive application of mineral fertilizers (i.e. fertilizer- 
based crop productivity), the net primary productivity principally cannot be a 
reliable indicator of soil fertility trend (Le 2012). In this case, alternative indicators 
of soil fertility should be used. Global patterns of fertilizer applications, based on 
data reported in around 2000 (Potter et al. 2010; MacDonald et al. 2011), are shown 
in Fig. 4.12. The amount of fertilizers used in East Asia (e.g. China and Vietnam), 
Northern India, Europe and in considerable areas in North America is equal to 
18-20 times of those in sub-Saharan Africa (see Fig. 4.12 and Table 4.3), which has 
been only around 1 kg/ha/year (Vlek et al. 1997). Although the global spatial data 
of fertilizer use is available for year 2000 or around, the estimated regional averages 
and trends (Table 4.4) show that the 2000 fertilizer use maps can be used to depict 
the relative global patterns of the study period. Pixels with remarkable fertilizer 



1 http : //en . wikipedia. org/wiki/Normalized_Difference_ Vegetation_Index . 
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Fig. 4.12 Global patterns of N and P fertilizers application for major crops in 2000. Data sources 
Potter et al. (2010), MacDonald et al. (2011). a Application of nitrogen fertilizer, b application of 
phosphorus fertilizer, c combination of nitrogen and phosphorus application 



application (e.g. >5.8 kg/ha/year, i.e. the global mean) and neutral biomass pro- 
ductivity trend, may have a potential risk of soil degradation that cannot be detected 
by NDVI-based analysis. These areas are shown in Fig. 4.13, accounting for about 
7 million km 2 , or 4.8 % of global land area. 
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Table 4.3 Fertilizer consumptions in different regions of the world in 2011 (in million metric 
tons) 



Countries and regions 


Nitrogen 


Phosphorous 


Potash 


China 


33.8 


11.5 


5.2 


India 


17.4 


8.0 


2.6 


United States 


12.1 


4.0 


4.3 


East Asia 


41.7 


14.1 


9.5 


South Asia 


22.0 


9.2 


3.0 


North America 


14.4 


4.8 


4.6 


Western and Central Europe 


10.3 


2.4 


2.7 


Latin America and the Caribbean 


7.4 


5.7 


5.6 


Eastern Europe and Central Asia 


4.4 


1.2 


1.3 


West Asia 


2.9 


1.1 


0.3 


Africa 


3.3 


1.0 


0.5 


Sub-Saharan Africa 


1.7 


0.6 


0.4 


World 


108 


41 


28 



Source International Fertilizer Association (www.ifa.org, accessed on 06 February 2014). The 
figures for Sub-Saharan Africa were calculated by the authors’ based on country fertilizer con- 
sumption statistics for Africa given by IFA 



Table 4.4 Fertilizer uses (in million tons) and average annual growth rates (in %) in different 
periods 



Regions 


Fertilizer use 


Annual growth 


1959/60 


1989/90 


2020 


1960-90 


1990-2020 


East Asia 


1.2 


31.4 


55.7 


10.9 


1.9 


South Asia 


0.4 


14.8 


33.8 


12 


2.8 


West Asia and North Africa 


0.3 


6.7 


11.7 


10.4 


1.9 


Latin America 


0.7 


8.2 


16.2 


8.2 


2.3 


Sub-Saharan Africa 


0.1 


1.2 


4.2 


5.5 


1.2 


World 


27.4 


143.6 


208 


5.5 


1.2 



Data source FAO and the calculations by Bumb and Baanante (1996) 



Areas of Soil Improvement 

In addition to the areas with land degradation, we have also identified that there has 
been NDVI improvement in about 2.7 % of global land area. The analysis identifies 
the areas of land improvement (“bright spots”) by the increasing slope of 
inter-annual mean NDVIs: more by 10 % or more over 25 years and at 90 % 
statistical significance. This is also adjusted/corrected for rainfall and atmospheric 
fertilization effects, LAI < 4), (Fig. 4.14). 

The major “bright spots” of land improvement are located in the Sahelian belt in 
Africa, Central parts of India, western and eastern coasts of Australia, central Turkey, 
areas of North-Eastern Siberia in Russia, and north-western parts of Alaska in the US. 
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Fig. 4.13 Pixels with remarkable fertilizer application (e.g. >12 kg N + P/ha/year = twice of the 
global mean) but with neutral trend of biomass productivity, may have a potential risk of soil 
degradation 




Fig. 4.14 The areas of NDVI improvement, with slope of inter- annual mean NDVIs > 10 % over 
25 year and 90 % statistically significant, adjusted/corrected for RF and AF effects, LAI < 4 



Overlaying land degradation (Figs. 4.10 and 4.13) with population density 
projections for 2010 (CIESIN-CIAT 2005) shows that about 3.2 billion people are 
currently residing in degrading areas. Of this total number, about 0.6 billion people 
live in areas where land degradation is directly observed in the remotely sensed 
data, another 1.2 billion people live in areas where land degradation is likely 
masked by rainfall dynamics and atmospheric fertilization effects, finally, another 
1.3 billion people reside in areas where chemical fertilization may be masking soil 
and land degradation. The regional breakdown of the population residing in 
degrading areas is given in Table 4.5. The biggest number of people residing in 
degrading areas is found in Asia, followed Europe, Middle East and North Africa, 
Latin America and Caribbean, Sub-Saharan Africa and finally, North America and 
Australasia. In terms of the share of people residing in degrading areas, the most 
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affected are Middle East and North Africa, and Asia. In Asia and Europe, the higher 
shares of land degradation and of people residing in degrading areas are found in 
areas where land degradation might be masked by chemical fertilizer application. 
Whereas in other regions, visible decline and masking effects of rainfall and 
atmospheric fertilization seem to dominate. One caveat, these are still somewhat 
conservative estimates of the livelihoods which have potentially been affected by 
land degradation, because the number of people affected by land degradation is 
likely to be higher due to off-site and indirect externalities of land degradation. 



Conclusions 

In this study, we advance our knowledge by making the following relatively new 
contributions. Firstly, the major contribution of this global study is the identification 
of regions where degradation magnitude and extent are relatively high for priori- 
tizing both preventive investments for the restoration or reclamation of degraded 
land, and subsequent focal ground-based studies. The map of degradation hotspots 
is different from the production of an accurate map of all degraded areas that seems 
impractical at global level due to lacking data on many aspects of land degradation. 
Secondly, we account for masking effects of rainfall dynamics, atmospheric and 
anthropogenic fertilizations. To our knowledge, there has been no previous pub- 
lished study at global level accounting for all these masking factors. Moreover, we 
also identify the areas where land improvement has occurred. 

The results show that land degradation hotspots stretch to about 29 % of the total 
global land area and are occurring across all agro-ecologies. One third of this 
degradation is directly identifiable from a statistically significant declining trend in 
NDVI. However, the remaining two thirds of this degradation are concealed by 
rainfall dynamics, atmospheric fertilization and application of chemical fertilizers. 
Globally, human-induced biomass productivity decline are found in 25 % of 
croplands and vegetation-crop mosaics, 29 % of mosaics of forests with shrub- and 
grasslands, 25 % of shrublands, and 33 % of grasslands, as well as 23 % of areas 
with sparse vegetation. The share of degrading croplands is likely to increase 
further when we take into account the croplands where intensive fertilizer appli- 
cation may be masking land degradation. Although this study does find land 
degradation to be a massive problem in croplands, it also emphasizes, in contrast to 
most previous similar studies, the extent of degradation in areas used for livestock 
grazing by pastoral communities, including grasslands, shrublands, their mosaics, 
and areas with sparse vegetation. In most countries, livestock production and its 
value chains produce comparable economic product and incomes for rural popu- 
lations as crop production. In total, there are about 3.2 billion people who reside in 
these degrading areas. However, the true number of people affected by land 
degradation is likely to be higher, because even those people residing outside these 
degrading areas may be dependent on the continued flow of ecosystem goods and 
services from the degrading areas. 
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It is quite encouraging that about 2.7 % of the global land mass has experienced 
significant improvement of biomass productivity over the last 25 years. However, 
the improving figure is modest as being 10 times smaller than the extent of areas 
with degrading lands, resulting extremely high net land degradation over the globe. 
Achieving the goal of Zero Net Land Degradation (Lai et al. 2012) would, there- 
fore, require considerable multiplication of efforts to rehabilitate degraded lands and 
also prevent further increasing rates of land degradation. 

Despite being an advancement to the past studies on global land degradation 
mapping, the current work has several limitations. First, conceptually and practi- 
cally the present study capture only the “primary productivity” aspect of land 
degradation. The other important aspects of land degradation such as soil/water 
pollution and biodiversity, which do not necessarily correlate with primary pro- 
ductivity, are still out of the scope of this study. Secondly, some degraded areas 
may not be captured by the NDVI-based assessment employed here, such as: the 
areas facing both human-induced and climate-driven declines, and areas facing 
biodiversity decline in natural vegetation. Thirdly, robustness of some key para- 
metric procedures needs to be further evaluated. Moreover, the delineated degra- 
dation hotspots need to be validated by ground-level studies. This ground-level 
verification work is planned as the next step of our research activities. Further 
research is also required for evaluating the robustness and uncertainties of the 
presented results. The reported results (Figs. 4.11, 4.13 and Table 4.2) should be 
used as rough guides for geographic focus/prioritization in regional/national stud- 
ies. The first activity of follow-up regional/national studies is to conduct activities 
for validating the “potential” hotspots. These may include the use of independent 
data, e.g. finer NDVI time-series like MODIS, accurate land cover change over the 
study period, soil degradation assessment (modeled erosion, leaching, change in 
key soil properties) (e.g. Le et al. 2012), change in species composition (e.g. Mbow 
et al. 2013), fertilizer/water uses and yields. 

The drivers of land degradation are numerous, complex and interrelated (Nkonya 
et al. 2011; Pender et al. 2009; Chap. 7). In most cases, the effects of different land 
degradation drivers are modulated by context- specific factors (Nkonya et al. 2013), 
necessitating local level in depth studies to identify the role of various factors on 
land degradation and improvement. The results of global level correlative studies 
comparing several factors, such as population pressure, income per capita, poverty 
rates, governance (Vlek et al. 2010; Nkonya et al. 2011; Vu et al. 2014a, b) with 
land degradation provide with broadly useful estimates, but remain equivocal, due 
to difficulty of appropriately accounting for various omitted variables and endo- 
geneity issues at such a broad scale. The results of this study are planned to be 
validated at the local level, and also would serve as a basis for the in-depth analysis 
of land degradation drivers through country case studies. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Chapter 5 

Evaluating Global Land Degradation 
Using Ground-Based Measurements 
and Remote Sensing 



Weston Anderson and Timothy Johnson 



Abstract Understanding the impacts of land degradation is, at least in part, limited 
by our ability to accurately characterize those impacts in space and time. While in 
recent decades remote sensing has offered unprecedented coverage of the land 
surface, the evaluation of remote sensing products is often limited or lacking 
altogether. In this chapter we use a survey-based approach to evaluate how well 
already existing remotely sensed datasets depict areas of land degradation. 
Ground-based surveys are compared to existing maps of land degradation and 
independent remote sensing datasets. This provides a metric of evaluation by using 
the commonly understood confusion-matrix. A representative set of case study 
countries was chosen after all countries were grouped using a k-means clustering 
approach (see Chap. 2). Survey sites within each country were sampled according 
to the intersection of agro-ecological zones, land cover, and the dataset to be 
evaluated. This two-tiered approach to sampling ensured a diversity of ground-truth 
surveys and therefore a robustness of results. Although ground-based surveys are 
resource and time-intensive, they provide information on both the evolution of the 
land cover and the drivers of land-cover change. Land degradation is a very 
complex process where diverse data are often needed for interpretation. 
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Introduction 



Sustaining the biological or economic production capacity of land is vital to 
ensuring the well-being of all that depends on that land. Although it may seem to be 
a problem affecting only those with a vested interest in a relatively confined plot of 
land — such as subsistence farmers — land degradation also affects large swaths of 
land over longer timescales. Land degradation has been defined as the persistent 
reduction of the production capacity of a land, which may be manifest through any 
combination of a number of interrelated processes, such as: soil erosion, deterio- 
ration of soil nutrients, loss of biodiversity, deforestation or declining vegetative 
health (Le et al. 2012). These various processes are considered as leading to land 
degradation assuming that ecosystem services are lost. Some processes such as 
deforestation act as enabling processes for degradation, such as soil fertility decline 
and biodiversity loss (Chap. 6). Land degradation may be either anthropogenic or 
natural, although this analysis is primarily focused on anthropogenic degradation. 
Furthermore, although a reduction of biodiversity is considered land degradation, 
the global scale of this analysis precluded the evaluation of such losses. As such, 
the working definition of land degradation used in the land degradation dataset 
produced by Le et al. (2014) focuses on primary production, such as changes in the 
productivity of the soil and biomass. Owing to the focus on terrestrial ecosystems, 
changes in quantity or quality of water resources is beyond the scope of this 
analysis. 

Without proper monitoring and evaluation of land degradation, not only is it 
difficult to assess the losses attributable to such degradation, but also it is difficult to 
develop practices and policies aimed at improving livelihoods. Monitoring land 
degradation, however, is more complex than it may seem as many 
degradation-inducing processes act on local scales but have regional to global 
implications. Monitoring and evaluation, therefore, cannot be limited to local 
evaluations if effective policies directed at reducing land degradation are to be 
developed. A global analysis identifying the extent and intensity of land degrada- 
tion would be an invaluable tool for policy makers, and as such has been an active 
topic of research for nearly a decade. In this chapter we explore how global land 
degradation maps are formulated and evaluated using remote sensing and 
field-based observations. 

The need to monitor land degradation at regional to global scales in a consistent 
manner makes remote sensing an invaluable tool for doing so, however, products 
derived from remote sensing datasets may have systematic or structural errors that 
should be acknowledged and explored. Failure to do so will likely lead to over- 
confidence or misuse of remote sensing-based estimates of land degradation. These 
structural errors may be conceptualized as falling into one of three related cate- 
gories: errors arising from the type of sensor used, errors arising from the spatial 
and temporal resolution of the analysis, and errors arising from the derived data 
used (i.e. indices, land cover/land use classifications, etc.). 
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Most global-scale analyses have used the Normalized Difference Vegetation 
Index (NDVI), which is a measure of vegetative health derived from the difference 
in the intensity of near-infrared wavelengths and that of visible wavelengths (Huete 
et al. 1999). In effect, NDVI quantifies the photosynthetic capacity of a given pixel. 
The type of sensor used to gather measurements is important because it dictates the 
type of information returned, and under what conditions that information is 
returned. Sensors used to measure NDVI, for example, require clear-sky conditions 
as they are not cloud penetrating. This has serious implications for available 
sampling frequency during the rainy season in habitually cloudy environments. 
Most curated datasets will screen out cloud cover or systematically sample for 
clear-sky images, but this means that seasonal consistency is difficult to maintain 
when comparing images from different years. The specific sensor chosen will 
ultimately dictate the temporal frequency and spatial resolution of the data. Already 
compiled NDVI datasets are available at a broad range of time scales (1975 -present) 
and resolutions (30 m-8 km). Issues of differing timeframes and resolutions pose a 
serious challenge to analyses attempting to combine or compare datasets, although 
past studies have shown that these challenges are not insurmountable. After com- 
paring five different NDVI datasets — including products derived from the Moderate 
Resolution Imaging Spectroradiometer (MODIS), Advanced Very High Resolution 
Radiometer (AVHRR), and Landsat satellite sensors — over 13 sample sites, Brown 
et al. (2006) noted that although the sensors differed significantly, “the NDVI 
anomalies exhibited similar variances”. The authors concluded that despite differ- 
ences in the absolute values or time series of each product, comparisons of 
anomalies/trends between datasets is still valuable. More recently, Fensholt and 
Proud (2012) found that when NDVI data from MODIS is resampled to the reso- 
lution of AVHRR, the two datasets compare favorably over the global land surface. 
Similarly, Beck et al. (2011) compared Landsat NDVI measurements to those from 
four separate AVHRR-derived products, and to MODIS NDVI. The resulting 
correlations compare favorably, ranging from 0.87 to 0.90 (Beck et al. 2011). 

While challenges posed by specific NDVI products may be overcome using a 
combination of datasets, the index as a whole has noted limitations in its use for 
measuring land degradation. Most notably, NDVI asymptotically saturates in high 
biomass areas when compared to indices such as the Enhanced Vegetation Index, 
and may therefore be a poor indicator of vegetative health over dense canopies 
(Huete et al. 2002). The high-biomass saturation of NDVI makes it a poor indicator 
of thinning in forests, meaning that as an index of land degradation NDVI may 
overlook certain forms of deforestation. Furthermore, NDVI cannot distinguish 
between categories of land degradation nor can it provide information on some 
types of land degradation, such as loss of biodiversity or soil erosion. In fact, if 
invasive species grow densely, the result will be in an increase in NDVI, which is 
often understood as an indication of land improvement. Compounding the com- 
plexity of using NDVI as a measure of land degradation is that land degradation 
may be driven by either natural or anthropogenic forces, which is a distinction that 
is often impossible to make using NDVI alone. And while many studies are 
interested in anthropogenic land degradation, most changes to net primary 
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production (a measure closely related to NDVI) over the last decade have been 
naturally occurring (Zhao and Running 2010). Although this adds to the complexity 
of developing datasets focusing on anthropogenic degradation, it does not make the 
task intractable. 

Indeed, researchers have already developed numerous remote sensing derived 
datasets that identify individual components of anthropogenic land degradation: 
declining vegetative health (Huete et al. 2002), crop yields (Iizumi et al. 2014), 
deforestation (Hansen et al. 2010, 2013), declining water supplies including 
groundwater depletion (Voss et al. 2013), and even a partial proxy for soil salinity 
(Lobell et al. 2009). The Food and Agriculture Organization (FAO) attempted to 
move beyond individual components and produce more inclusive estimates of land 
degradation at a global scale, based at least in part, on remote sensing products in its 
Global Assessment of Land Degradation and Improvement (GLAD A) project. As 
part of the project, Bai et al. (2008) proposed several methods of measuring land 
degradation at a global scale based entirely on remote sensing products. The Global 
Land Degradation Information System (GLADIS), which also relates to the 
GLAD A framework, builds upon the analysis of Bai and Dent (2009) by modifying 
their product before incorporating it into a database that assesses the current 
capacity of and trends in the ecosystem services of land. While the accuracy of 
these products are debated, they are generally recognized as an important first step 
towards globally consistent estimates of land degradation (Wessels 2009). 

In this chapter we use both remote sensing and survey -based datasets to analyze 
and evaluate an updated methodology for producing global estimates of land 
degradation, which was produced by Le et al. (2014). Although the coarse reso- 
lution and global coverage of the land degradation dataset precludes a complete, 
in-depth evaluation of the dataset, we present a robust method of evaluation that 
incorporates multiple regions and spatial scales by making use of a diverse col- 
lection of datasets. In the following sections we present the datasets used, the 
methods of analysis, and the results. We conclude with a brief discussion of the 
implications of these results for global land degradation mapping. 



Data 

Independent datasets and previous estimates both play an important role in our 
evaluation of the new land degradation map produced by Le et al. (2014): the 
former identifies potential errors associated with input data while the latter is used 
as an independent estimate, which provides an independent perspective arrived at 
using alternative methodologies. In this analysis we compare the Le et al. (2014) 
map to the soil and biomass components of the GLADIS database as a reference to 
past efforts aimed at mapping terrestrial anthropogenic land degradation. 
The GLADIS database as a whole contains information at a resolution of five arc 
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minutes for six distinct categories: biomass, soil, water, biodiversity, economic, and 
social (Nachtergaele et al. 2010). The biomass components of GLADIS are based 
on the work of Bai and Dent (2009), which uses NDVI and rainfall to estimate land 
degradation. Bai and Dent derive trends in net primary productivity (NPP) from 
NDVI and establish areas of degradation by overlaying an index of rain use effi- 
ciency, which is calculated using time series information on rainfall and NDVI 
(Chap. 4; Le et al. 2014). 

While many remote sensing datasets either lack ground-based evaluation entirely 
or provide few details on such analyses, the GLADIS framework conducted and 
documented extensive ground based evaluations over South Africa. The GLADIS 
evaluation is particularly relevant because the dataset being evaluated is of a similar 
scale as the dataset used in our analysis. In their analysis, Bai and Dent performed 
field evaluation of 165 sites in South Africa using point estimates and circular areas 
with an 8 km radius as a means of accounting for errors in geolocation. The authors 
found agreement between the land degradation status map and the field sites to be 
33 % for the point estimates and 48 % for the area-based estimates. A number of 
problems pervaded the satellite based estimates. In terms of removing the climate 
influence, the rainfall-corrected trends still displayed a systematic relation with 
climatic conditions. Specific land uses proved difficult throughout the analysis. 
Cultivated land, for example, was often classified as degraded owing to manage- 
ment practices such as crop rotation or fallowing fields. Areas with sparse vege- 
tation also proved difficult to correctly classify. These areas were often identified as 
improved in the satellite dataset when, in fact, they were among the most degraded 
lands due to over-grazing and heavy erosion (Bai and Dent 2008). Systematic errors 
inevitably manifest themselves as well: the presence of dense vegetation considered 
a weed showed up as land improvement in the remote sensing dataset. The source 
of some errors could not be identified, as was the case for a number of areas 
indicated as degraded in the remote sensing dataset but showing no indication of 
such from the ground. Issues of resolution also proved problematic when defor- 
estation and heavy erosion was undetected in the remote sensing analysis due to the 
coarse resolution of the dataset. Ultimately, the authors concluded that the GLADIS 
dataset may not be used as a proxy for land degradation, but is never-the-less 
valuable as an indicator map to be used as a guide to further explore potentially 
degraded areas. 

The Le et al. (2014) land degradation dataset evaluated in this analysis builds 
upon the GLADIS methodology and recommendations. The dataset is a global 
study that aims to identify “geographic degradation hotspots”, meaning regions 
where degradation magnitude and extent is relatively large (Le, submitted). As 
such, this dataset is intended to be used as a guide for prioritizing investments and 
further in-depth studies at regional scales rather than a final map of land degra- 
dation. The dataset uses the Global Inventory Modeling and Mapping Studies 
(GIMMS) NDVI dataset, which is derived from data collected by AVHRR), to 
calculate statistically significant long-term trends in NDVI from 1982 to 2006. The 
effects of rainfall are removed by correlating the NDVI with precipitation estimates 
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from CRU v3.1 (Harris et al. 2014), and masking out any areas with significant 
correlation from further analysis. The dataset further corrects for atmospheric 
fertilization-dominated dynamics in areas without significant rainfall-NDVI corre- 
lations by dividing the unpopulated land surface of the earth according to aridity 
class and land cover before identifying the mean NDVI trend in each class. These 
mean trends are considered the atmospheric fertilization driven dynamics, and are 
removed from each NDVI time-series within each class. The dataset also addressed 
some of the structural issues with NDVI by identifying areas of saturated NDVI, a 
common problem in densely vegetated regions. A leaf area index of four was used 
as the threshold at which NDVI trends were considered unreliable and were 
screened out. Le proposes that the remaining pixels indicate anthropogenic trends in 
biomass productivity excluding areas with rainfall-driven dynamics, corrected for 
atmospheric-fertilization and with unreliable NDVI trends removed. The dataset 
represents significant progress towards overcoming the many limitations to mea- 
suring anthropogenic land degradation at a global scale (Chap. 4; Le et al. 2014). 

A comparison of the Le et al. (2014) dataset to the previously developed 
GLADIS database will prove useful, but would be incomplete due to interdepen- 
dencies of the two products. Interdependencies of the two products arise due to the 
lack of multiple, independent datasets of NDVI on a global scale during the 1980s 
and 1990s. Only the AVHRR satellite sensor provides a global, continuous 
time-series of NDVI data dating back to the 1980s. This sensor therefore provides 
the foundation of nearly all long-term, continuous estimates of land degradation 
including those developed by Bai and Dent (2009) for the GLADIS framework and 
the reconstruction of historical yields by Iizumi et al. (2014). In particular, each of 
these analyses use the GIMMS NDVI dataset. We therefore choose to use Landsat 
measurements of NDVI and MODIS estimates of land cover as independent 
datasets to evaluate the data-specific errors while the ground-based samples from 
field surveys are used to assess physical processes occurring on the ground that may 
be missed by the remote sensing estimates. This approach allows us to separately 
evaluate the inconsistencies relating to datasets — an important aspect given that the 
GIMMS NDVI dataset has a coarse spatial resolution of approximately 8 km — and 
those relating to the methods of correcting for atmospheric fertilization, NDVI 
adjustments and rainfall-dominated dynamics. 

Although AVHRR data is the only global dataset dating back to the 1980s that 
provides a continuous time series, the Global Land Survey (GLS) Landsat dataset 
provides NDVI estimates with near-global coverage for the years 1975, 1990, 2000, 
2005 and 2010. Table 5.1 provides an overview of the GLS datasets used in this 
analysis, including the Landsat sensors used to collect the images for each dataset. 
In many cases multiple sensors were used since the GLS Landsat datasets provide 
NDVI estimates around a target year, rather than for a specific date. This is nec- 
essary because the elfective return time for cloud free images — or images with 
minimal cloud cover — is dependent on both the season and region being observed. 
As may be expected, coverage is greater in the dry season and over arid areas when 
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Table 5.1 Summary of Landsat Global Land Survey 2005, 2000, 1990 and 1975 datasets 



Categories 


GLS 2005 


GLS 2000 


GLS 1990 


GLS 1975 


Level of 
processing 


Terrain corrected 


Terrain 

corrected 


Terrain 

corrected 


Terrain corrected 


Number of 
bands 


8 


8 


7 


4 


Resolution 

(m) 


30.0 


30.0 


30.0 


30.0 


Projection 


Universal 

Transverse Mercator 
(UTM) 


Universal 

Transverse Mercator 
(UTM) 


Universal 

Transverse Mercator 
(UTM) 


Universal Transverse 
Mercator (UTM) 


Datum 


WGS84 


WGS84 


WGS84 


WGS84 


Instrument 


Landsat 5 Thematic 
Mapper (TM) 
Landsat 7 ETM 
+ EO-1 ALI 


Landsat 7 ETM+ 


Landsat 4-5 
Thematic Mapper 
(TM) 


Landsat 1-3 
Multispectral Scanner 
(MSS) 



compared to the tropics or to rainy seasons. The Landsat sensors have a return 
interval of 16 days, meaning that they take images of the same spot every 16 days, 
but that data must be downloaded and stored in order for it to become available for 
analysis. In practice, it takes many years of available data, often spanning more than 
a decade, to create global coverage. 

Figure 5.1 illustrates the histogram of image acquisition dates. Neither the 1975 
nor the 1990 dataset provides an ideal fit to the GIMMS NDVI start date of 1981: 
the GLS 1975 contains only a few images after the 1980s and in fact has a skewed 
distribution of images towards those prior to 1975. GLS 1990 contains images 
nearly a full decade after the GIMMS start date, but has a more normal distribution 
such that the majority of images acquired for the dataset are fewer than 5 years 
away from the GIMMS start date. By contrast those images obtained for the 2000 
and 2005 datasets were drawn from a relatively small number of years. The images 
for the GLS 2000 dataset came from just 4 years, with the majority drawn from 
2000 or 2001. With the exception of a negligible number of images drawn from 
1989, presumably to fill spatial gaps in the coverage, the GLS 2005 dataset was also 
drawn almost entirely from four years with the majority of images coming from 
2005 and 2006. 

While the GLS Landsat dataset provides information at a finer spatial resolution 
dating back further than would be available with the MODIS sensor, which begins 
coverage in 2000 at a spatial resolution of 250 m up to 1 km, the Landsat dataset is 
not without its problems. Owing to the variability of acquisition dates (both annual 
and seasonal), the observed changes in NDVI may reflect a degree of seasonality in 
areas where seasonal consistency could not be obtained. This problem will be 
particularly pronounced in transitional zones that demonstrate relatively greater 
variability in seasonal vegetation cover. Despite this limitation, the GLS Landsat 
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Fig. 5.1 Global Land Survey histograms of Landsat image acquisition dates for a 1975, b 1990, 
c 2000 and d 2005. Count equals number of images used globally 
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datasets have proven to be preferable to alternative data sources covering compa- 
rable time periods, such as GeoCover (Townshend 2012). 

MODIS data, although only available beginning in 2001, are a valuable source 
of information as independent, global estimates of both land cover and NDVI. For 
this analysis the land cover information was chosen to provide estimates to be 
compared to the FGD (focus group discussion) survey results, which estimate 
land-cover changes from 2000 to 2006 as a measure of recent degradation trends. 
Collection 5 of the MODIS land cover type dataset (MCD12Q1) was used, which 
provided land cover information at a 500 m spatial resolution annually (Friedl et al. 
2010). Input datasets used in the classification procedure include information from 
MODIS bands 1-7, the enhanced vegetation index, land surface temperature, and 
nadir BRDF-adjusted reflectance data. The data are produced using an ensemble 
supervised classification algorithm, which employs a decision tree model structure 
and uses boosting to estimate the classifications. The classification process includes 
techniques for stabilizing year-to-year variations in land cover labels not associated 
with land-cover change. As a means of evaluating the overall accuracy of the 
dataset, it is ground-truthed using 1860 sites distributed across Earth’s land areas 
(see Fig. 2 in Friedl et al. 2010), sampled with reference to adequate coverage of a 
range of geographic and ecological variability using a layer of ecoregions. The 
overall accuracy of the product is about 75 %, although the performance of each 
class varies considerably. 

FGD surveys were used as a complement to the remote-sensing based obser- 
vations, which provide great volumes of information but are limited in the physical 
processes they can measure. These surveys provide ground-based estimates of land 
degradation from the perspectives of the communities involved. In Senegal and 
Niger, communities were selected by intersecting the Le Land Degradation map 
(submitted), Global Land Cover 2000 vl, and the global environmental stratifica- 
tion (GEnS) datasets as a means of sampling both degraded and improved pixels 
across a range of agro-ecological zones. Figure 5.2 depicts the datasets used to 
determine sampling criteria for these countries. The Le et al. (2014) dataset iden- 
tifies both areas of degraded pixels as well as areas of improved pixels. Improved 
pixels represent areas of increased vegetation (Chap. 4; Le et al. 2014) In addition 
to Senegal and Niger, communities were also chosen for India, Uzbekistan, 
Tanzania, and Ethiopia. The study sites within these countries differ in that they 
were not chosen to represent degraded and improved areas of the Le et al. (2014) 
dataset but rather areas that were most successful for conducting interviews with 
local stakeholders. For all six countries, communities were chosen so people sur- 
veyed would have knowledge of a surrounding land spanning an area of 
8 km x 8 km, which is the size of a single pixel in the Le et al. (2014) dataset. 
Individual participants were selected such that community leaders, women, cultural 
leaders, and a diversity of occupations as well as ages were present. These selection 
criteria ensured that a broad variety of land users would be present, particularly 
those with intimate knowledge of past land use developments. Information elicited 
in the survey includes estimates of the severity and drivers of many land degrading 
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Fig. 5.2 Sample criteria and selection. Note a Case study countries, b GeNS climate zones, 
c GlobCover land cover (dark greens forest, light greens shrubs, yellow crops, brown barren), d Le 
Land Degradation Dataset (red areas of degradation, green improvement) 



processes, such as; the land cover for the area surrounding the community in 2000 
and 2006, the deforestation occurring during that time, changes in cropping 
intensity, and changes in crop yields. This information was elicited using a variety 
of techniques, including relative questions (i.e. were yields this year higher or lower 
than five years ago), collaborative map making, and GPS coordinates taken by the 
surveyor. 



Methods 



The design of our evaluation analysis builds upon established methods and previous 
studies in an effort to complement the in-depth insight from ground-based evalu- 
ation techniques with the near-ubiquitous coverage of remote sensing estimates. We 
first compare the new estimates of land degradation to the methods and results of 
previous products as a means of identifying systematic similarities and differences. 
In the comparative analysis we identify overlapping input datasets and methods as 
well as key differences. This analysis, while not an evaluation of accuracy, provides 
context crucial for the accuracy evaluation analysis. 

As described previously in the data section, the sites used to evaluate the 
accuracy of the land degradation map in Senegal and Niger, are selected within a 
framework that maximizes selection of appropriately sized degraded and improved 
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sites within a range of agro-ecological zones for each case study country. In India, 
Uzbekistan, Tanzania, and Ethiopia, these sites were chosen randomly. The pro- 
cesses of land degradation or improvement are identified and analyzed at each site 
using FGDs conducted with the communities as well as a number of remote 
sensing-based analyses. The FGD questions are synthesized into five major cate- 
gories for this portion of our analysis: (1) changes in land cover, (2) deforestation, 
(3) crop intensity /yield changes, (4) community perception of trends in land 
degradation/improvement, and (5) processes that would be unobservable using 
remote sensing. Each of these categories are designed to elicit, either directly or 
indirectly, the presence or absence of land degradation and the associated impacts. 
Unfortunately surveys in India, Uzbekistan, Tanzania, and Ethiopia did not contain 
information relating to numbers 4 and 5 above. These surveys were conducted by 
independent researchers. The benefit of using survey information from these study 
sites is to see how randomly chosen areas agree or disagree with remote sensing 
datasets. 

The immediately visible forms of potential land degradation — deforestation, 
land clearing, etc. — are relatively easy to identify using remote sensing. The 
strength of the field survey is in identifying attributes that may not be immediately 
visible using satellite sensors such as changes in forest productivity through 
selective logging, erosion, salinization, or nutrient depletion leading to decreased 
crop yields. The field surveys also provide robust information that is not con- 
founded by complex surface processes such as invasive species acting to increase 
vegetative cover or systematic fallowing of crop fields, both of which would lead to 
erroneous remote sensing assessments. The limitation of the FGDs, however, is the 
time frame available. Community members cannot be expected to remember spe- 
cifics of land cover, yields, or cropping intensity as far back as three decades, so 
those questions are limited to the years since 2000. More general questions do elicit 
information on land degradation dating back to 1982, but do not gather information 
in the same manner as the specific questions designed to identify those physical 
processes on which the land degradation map is based. 

The first three categories of FGD questions (changes in land cover, cropping 
intensity and yields, and deforestation) are designed to allow direct comparison to 
available remote sensing estimates in our analysis. This direct comparison isolates 
reliability of remote sensing estimates of land degrading processes without the 
complication of differing time frames or unobservable processes. Building on 
established methods and those proposed by Bai and Dent in their evaluation of the 
GLADIS framework, we conduct the remote sensing analyses using a buffer radius 
of 8 km around each site as a means of approximating the resolution of the land 
degradation dataset as well as to account for errors in geo-location. Each remote 
sensing analysis consists of three parts: an analysis of the change in Landsat NDVI 
from 2000 to 2005, an accounting of changes in MODIS land cover from 2001 to 
2006, and an assessment of trends in Landsat NDVI using GLS data from 1975, 
1990, 2000 and 2005. 
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Fig. 5.3 Remote sensing analysis for the buffer area around Niassene, Senegal. Note This site 
demonstrated degradation dynamics that were largely captured accurately by the remote sensing 
analyses (see Table 5.3). Panels a and c illustrate changes in Landsat NDVI from 2000 to 2005. 
Both are shown on a relative scale where the more positive the number the greater increase in 
NDVI and vice versa. Panel b shows changes in MODIS land cover from 2001 to 2006, and 
d shows Landsat NDVI from 1975, 1990, 2000 and 2005 (scaled from 0 to 255) 



The analysis of changes in NDVI from 2000 to 2005 using the Landsat GLS 
datasets allows for a direct comparison to the field based survey, which asks par- 
ticipants about deforestation, and changes in land cover over the same time period. 
In this case, NDVI is averaged annually and compared across a five year time 
period. A decrease in NDVI is considered degradation and an increase improve- 
ment. The changes in land cover from the survey can be further corroborated 
against the MODIS land use/cover change analysis. A qualitative ordinal ranking of 
total economic value was used as a guideline to assess whether observed land-cover 
changes constituted degradation or improvement. For example, the removal of 
forest or shrubland to plant crops, is recorded as degradation, since this process 
often leads to erosion, a loss of nutrients in the soil, and other longer term issues. 
The long term trends in vegetation health/cover can be assessed using the Landsat 
trend analysis, which has a timeframe comparable to that of the GIMMS NDVI 
trend analysis at the heart of the land degradation map. Improvement is recorded 
when, during most of the time period NDVI is increasing, degradation is recorded 
when the opposite occurs. In all cases, if there was both degradation and 
improvement, it was analyzed which influence was more widespread. See 
Figures 5.3 and 5.4 for examples of the data collected for two of the survey sites in 
Senegal used in the remote sensing analyses. 
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Fig. 5.4 Remote sensing analysis for the buffer area around Talibdji, Senegal. Note This site 
demonstrated dynamics that were driven by processes with little agreement in the remote sensing 
analyses (see Table 5.3). Panels a and c illustrate changes in Landsat NDVI from 2000 to 2005. 
Both are shown on a relative scale where the more positive the number the greater increase in 
NDVI and vice versa. Panel b shows changes in MODIS land cover from 2001 to 2006 (changes 
summarized by color on y-axis) and d depicts Landsat NDVI from 1975, 1990, 2000 and 2005 
(scaled from 0 to 255) 



Results and Discussion 

Comparisons to Past Work 

A comparison between the Le et al. (2014) land degradation dataset and aspects of 
the GLADIS land degradation database serves as a useful benchmark. While the 
Le et al. (2014) dataset provides only one map indicating whether areas are 
degraded or improved and is based entirely on terrestrial processes, the GLADIS 
database provides estimates for multiple categories of land degradation, including 
biomass, biodiversity, soil, water, economic, and social. For this comparison the 
biomass categories were considered most relevant. Table 5.2 illustrates the input 
data used in the Le et al. (2014) land degradation map as compared to the GLADIS 
biomass analyses. Although both land degradation maps rely on the GIMMS NDVI 
and CIESIN-CIAT population datasets, each incorporates independent ancillary 
information using different methods such that the two datasets may be considered 
separate, if not independent, estimates of land degradation processes. 

Figure 5.5 demonstrates the comparison between the Le map and the GLADIS 
trends in NDVI, which are identified as being anthropogenic or natural, trends in 
total biomass, and trends in soil degradation or improvement. The terrestrial 
biomass-based datasets (panels a-c) largely agree over Canada, Northern 
Argentina, Democratic Republic of the Congo, Angola, Tanzania, Mozambique, 
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Table 5.2 Inputs for global land degradation datasets 



Input dataset 


GLADIS 
trends in 
NDVI 


GLADIS total 
biomass trends 


Le (2014) land 
degradation 


Citation 


GIMMS NDVI 


X 


X 


X 


Tucker et al. (2005) 


MODIS NPP 


X 


X 




Running et al. (2004) 


GLASS leaf 
area index 






X 


Liang and Xiao (2012), 
Xiao et al. (2013) 


FRA 

deforestation 

trends 




X 




FAO (2005) 


GLC-2000 land 
use 


X 


X 




JRC (2003) 


GLOBCOVER 
land use 






X 


Bicheron et al. (2008) 


CRU 2.1 
temperature 


X 


X 




Mitchell and Jones 
(2005) 


CRU 3.1 
precipitation 






X 


Jones and Harris 
(2008) 


VASClimO 
station rainfall 


X 


X 




Beck et al. (2005) 


CIESIN-CIAT 

population 


X 


X 


X 


CIESIN and CIAT 
(2005) 


CGIAR-CSI 
Global Aridity 






X 


Trabucco and Zomer 
(2009) 


Carbon above 
ground 




X 




Nelson and Robertson 
(2008) 



Malawi, India, Kazakhstan, the majority of Southeast Asia, and Australia. 
However, they disagree over most of the US, Europe, much of Brazil, the Sahel, 
South Africa, China and portions of Russia. In general, the GLADIS datasets 
indicates larger areas of land improvement, arising from both natural and anthro- 
pogenic influences. Without extensive ground-based measurements it is difficult to 
evaluate which dataset is more accurate in the areas of disagreement, but the regions 
of good agreement lends confidence to both datasets in these regions. 

While the GLADIS estimates of soil degradation or improvement have no direct 
analog to the Le dataset, the comparison between the two is useful as it may 
elaborate the extent to which the Le dataset captures soil degradation processes 
(Lig. 5.5d). The GLADIS soil degradation map (panel d) shows little resemblance 
to the Le land degradation data. Le et al. (2014) does develop an additional dataset 
identifying areas in which excessive fertilizer application may mask land degra- 
dation (data not shown), which produces similar patterns to the GLADIS map over 
China, Northeast India and much of Europe. The comparison of soil degradation 
products reveals that the Le et al. (2014) data and the GLADIS data capture some 
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Fig. 5.5 Comparison between land degradation maps. Note a Le land degradation, b GLADIS 
trends in NDVI distinguished as being primarily anthropogenic or natural, c GLADIS total 
biomass trends, d GLADIS trends in soil degradation or improvement 



similar soil processes in parts of Europe and Asia, but diverge widely in most other 
regions indicating a high level of uncertainty. These dissimilarities are to be 
expected provided the difficulty of measuring processes of soil degradation on 
global scales. 

In addition to considering existing land degradation maps, it is important to use 
independent datasets to evaluate new estimates of land degradation. The results of 
the survey-based analysis and the remote sensing analyses provide useful insight 
into the value of the Le et al. (2014) land degradation dataset, and of the 
scale-dependent processes involved in the construction of the dataset. A total of 6 
countries were analyzed to compare remote sensing analyses with survey results for 
selected sites. The sites represent a range of agro-ecological zones, and include both 
areas indicated as degraded and improved in the Le et al. (2014) dataset. 



Senegal Sample Sites 

Ligure 5.6 illustrates the seven sample sites chosen for the evaluation analysis in 
Senegal. A comparison between the focus group discussions conducted at each site 
and the remote sensing analyses indicate a high level of agreement (3.5/4 or 4/4) for 
four sites, a moderate level of agreement (3/4 or 2.5/4) for two sites and no 
agreement (2/4) for one site, as indicated in Table 5.3. 
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Senegal Sample Sites 

o Senegal Sides 
H Long Term Ltegra cation 
Recent Degradation Only 
| improvement 



Tali badj i 



Fig. 5.6 Selected ground truthing sites in Senegal. Note Dark red indicates pixels that 
demonstrate both long-term degradation as well as degradation in recent (2000-2006) years, green 
pixels indicate sites with improved land 



Table 5.3 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the seven sites in 
Senegal 



Site 


Le 

assessment 


FGD 

assessment 


Change in 
Landsat NDVI 


MODIS 

land-cover change 


Agreement 


Talibdji 


Improved 


Degraded 


Degraded 


Improved 


2/4 


Niassene 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 


Missira 


Degraded 


Degraded 


Improved 


Mixed 


2.5/4 


Guiro Yoro 
Mandou 


Improved 


Degraded 


Degraded 


Mixed 


2.5/4 


Gomone 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 


Diakha 

Madina 


Improved 


Mixed 


Improved 


Improved 


3.5/4 


Bantanto 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 



The sites that demonstrated unanimous, or near unanimous, consensus on the 
state of land degradation had a number of systematic similarities. Out of the four 
sites with a high level of agreement, three were degraded (Bantanto, Gomone, and 
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Niassene) and one was improved (Diakha Madina). These sites all experienced 
clear areas of deforestation, or reforestation in the case of Diakha Madina, which 
was captured in the FGD, the Landsat analysis, and the MODIS analyses (see 
Table 5.4 for a summary of FGD results and Table 5.5 for a summary of the remote 
sensing results). While there are land degrading processes that were not captured in 
the remote sensing analysis — such as wind/water erosion and salinization — oc- 
curring at each of the degraded sites, the remote sensing analysis already correctly 
categorized these sites due to the clear decrease in vegetative health. The inability 
of remote sensing products to capture erosion or salinization processes, however, 
became relevant for the improving sample site. The results of the focus group 
discussion at Diakha Madina, the improved site, revealed that the narrative of land 
improvement is somewhat undercut by factors not captured in the remote sensing 
analysis, particularly a decrease in crop yields due to erosion. Figure 5.3 depicts the 
remote sensing analysis for Niassene as an example of the data provided by such 
analyses. 

The sample sites that demonstrated intermediate agreement, Guiro Yoro Mandou 
and Missira, also contain systematic similarities in that both sites demonstrated a 
dynamic of cultivation that the remote sensing analysis was unable to capture (see 
Guiro Yoro Mandou and Missira in Tables 5.4 and 5.5). In Guiro Yoro Mandou the 
MODIS analysis indicates an increase in wooded cover in some areas and a loss of 
natural vegetation in other areas due to cropland expansion. However, the FGD 
results clarify that this site has seen considerable planting of mango and cashew 
trees. The site is therefore clearly degraded due to expanding croplands, declining 
yields, and loss of natural vegetation, but the remote sensing estimates have diffi- 
culty capturing these dynamics due to the tree-crops planted. In Missira, on the 
other hand, the MODIS and FGD analysis agree on a decrease in forested area, but 
show opposite trends in cropland: MODIS indicates a loss while the FGD indicates 
increased cropland extent. This difference is likely due to patterns of fallowing and 
regeneration, as indicated by the FGD. This same pattern of regenerating fallowed 
fields may account, at least in part, for the demonstrated increases in NDVI mea- 
sured by Landsat. There may, in fact, be a number of competing processes at work 
as increasing cropland area is causing deforestation, but regeneration of fallowed 
fields is increasing natural vegetation cover. Similarly the site has experienced 
water erosion and a perceived decrease in crop values but also reports an increased 
yields in recent years. 

In Talibdji, the site that demonstrated the lowest level of agreement, uncer- 
tainties in the remote sensing dataset compound with dynamic local processes to 
confound agreement on the status of the site (see Talibdji in Tables 5.4 and 5.5). 
The long-term NDVI trend for Talibdji showed no coherent pattern, although it 
demonstrated degradation in recent years (2000-2005). Figure 5.4 demonstrates the 
data derived from the remote sensing analysis for Talibdji. The GLS Landsat data 
showed no coherent trend for NDVI, MODIS land cover showed many shifts in 
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Table 5.4 Summary of the focus group discussion results for sample sites in Senegal 



Site 


Changes in land 
use 


Yields and 

cropping 

intensity 


Forest cover 


Perception of 
long-term trends in 
degradation 


Unobservable 
using remote 
sensing 


Talibdji 


Fairly stable land 
cover 


Declining 

yields 


Minor 

deforestation 


Forests provide less 
value, 

grasslands/livestock 
provide greater 
value. Decrease in 
cropland value due 
to erosion 


Wind erosion, 
gullies due to 
water erosion, 
laterite soil 


Niassene 


Grassland/shrubs 
replaced with 
crops 


Declining 

yields 


Deforestation 


Livestock have 
become more 
important, erosion 
has decreased value 
of cropland, forests 
have declined in 
value 


Wind erosion 


Missira 


Decrease in 
wooded cover, 
increase in 
grasslands. 
Increase in 
cropland extent 


Mixed crop 
intensification, 
improved 
yields 


Minor 

deforestation 


Decrease in crop and 
livestock value, 
stable value for 
forests 


Regeneration 
from fallowing, 
development of 
new avg areas. 
Water erosion 


Guiro 

Yoro 

Mandou 


Decreased natural 
vegetation, 
increased 
cropland 


Decrease in 
cropping 
intensity and 
yields 


Deforestation 


Decrease in crop, 
livestock and forest 
values due to land 
degradation and 
climate 


Cashew/mango 
fields may be 
considered 
increase in 
forest cover by 
remote sensing 


Gomone 


Decreased natural 
vegetation, 
increased 
cropland and area 
for residences 


Decrease in 
yields, slight 
increase in 
cropping 
intensity 


Deforestation 


Decrease in crop and 
forest values due to 
land degradation and 
climate. Livestock 
saw an increase in 
importance but 
potential drop in 
overall value 


Wind erosion. 
Livestock 
trampling 
vegetation. 
Laterite outcrop 


Diakha 

Madina 


Land-cover 
change mixed. 
Decrease in 
grassland and 
shrubland, 
increase in 
cropland 


Increased 
cropping 
intensity but 
decreased 
yields 


Forest 

regrowth 


Decrease in cropland 
value due to land 
degradation 


Water erosion, 
sand mining 


Bantanto 


Decrease in 
natural 
vegetation, 
increase in crop 
cover 


Decrease in 
cropping 
intensity and 
yields 


Minor 

deforestation 


Perceived decreasing 
value of cropland, 
forests and livestock 
due to degradation 


Salinization of 
cropland and 
erosion due to 
water 
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Table 5.5 Summary of remote sensing analyses for sample sites in Senegal 



Site 


MODIS land-cover 
change 


Change in Landsat NDVI 


Long-term trends in 
Landsat NDVI 


Talibdji 


Increases in wooded land 
cover. Many shifts in 
cropland extent in both 
directions (gain/loss) 
with a net increase in 
natural vegetation 


Spatially coherent 
patterns of intensive 
NDVI change. Normally 
distributed with nearly all 
values negative 


NDVI shows no 
coherent trend, 
increasing and 
decreasing over the 
time period 


Niassene 


Loss of natural 
vegetation to cropland 


Spatially coherent 
patterns of intensive 
NDVI change. Normally 
distributed with a mean at 
a slight decrease in NDVI 


Steady increase in 
NDVI from 1975 to 
2000, but a sharp 
decrease in recent 
years 


Missira 


Deforestation but 
increase in natural 
vegetation due to 
decreased cropland cover 


Scattered decreases with 
large spatially coherent 
regions of improvement. 
Largely distributed 
towards improvement 


Consistently 
increasing NDVI 
during the study 
period 


Guiro 

Yoro 

Mandou 


Widespread transition 
towards more wooded 
land cover, but also 
significant loss of natural 
vegetation to cropland 


Spatially coherent 
patterns of intensive 
NDVI change, largely 
negative distribution of 
changes 


Lluctuating NDVI 
with a slight overall 
increase. Degraded in 
recent years 


Gomone 


Major decrease in natural 
vegetation due to 
increasing cropland 


Degraded but with few 
spatially coherent 
patterns. About l/4th of 
the distribution positive 


Sharp increase from 
1975/1990 to 2000, 
but a decrease in 
recent years 


Diakha 

Madina 


Minor loss of wooded 
land cover, but increase 
in natural vegetation 


largely positive, but 
skewed with a negative 
tail due to Landsat image 
tiling 


Consistently 
increasing NDVI 
during the study 
period 


Bantanto 


Minor increased 
woodland cover, but 
increase in cropland at 
expense of natural 
vegetation 


Largely negative 
distribution of changes in 
NDVI 


Lluctuating NDVI 
with a slight overall 
increase. Degraded in 
recent years 



cropland extent in both directions, while the FGD indicated stable cropland. These 
discrepancies likely indicate a system of fallowing or rotating fields that is not 
captured well in the remote sensing analyses. The FGD and MODIS analyses also 
disagree on wooded cover, which is likely because the MODIS land cover classes 
that dominate Talibdji have poor user accuracy (many below 50 %, see Table 5.6), 
meaning that misclassifications are likely (Friedl et al. 2010). The FGD, meanwhile, 
revealed that erosion has decreased yields and therefore the value of crops, which 
would not have shown up in the NDVI analysis. 
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Table 5.6 User’s accuracy 
for MODIS MCD12Q1 land 
cover classifications 



Land cover class 


User’s accuracy (%) 


Evergreen needleleaf forest 


78.0 


Deciduous needleleaf forest 


83.1 


Evergreen broadleaf forest 


90.4 


Deciduous broadleaf forest 


75.9 


Mixed forest 


53.1 


Closed shrubland 


47.0 


Open shrubland 


74.1 


Woody savanna 


34.3 


Savanna 


39.0 


Grasslands 


55.9 


Permanent wetlands 


96.4 


Cropland 


92.8 


Cropland/natural vegetation mosaic 


27.5 


Snow 


96.8 


Barren 


92.7 


Water 


99.3 



Niger Sample Sites 



In addition to Senegal, six sites were chosen in Niger to compare the FGD and 
remote sensing results. Only two of the sites chosen have FGD results due to data 
collecting issues. Sites containing only remote sensing data were still analyzed to 
see whether agreements existed. Figure 5.7 illustrates the six sites chosen, which 
have a range of agro-ecological zones, and include both areas of degraded and 
improved land from the Le et al. (2014) dataset. Of the two sites with FGD results, 
Tiguey had high agreement (3.5/4) and Kone Beri had low agreement (2/4). Out of 
the four sites without FGD results, three showed a moderate to high level of 
agreement between the remote sensing datasets (2/3— 3/3) and one showed a high 
level of disagreement (0/3), as shown in Table 5.7. 

Similar to the Senegal results, sites showing a high level of agreement were 
mostly degraded. Tiguey for example, one of the two sites with FGD results, 
showed a conversion of grassland to cropland in the MODIS analysis and a recent 
decrease in NDVI (although historically NDVI increased from 1975 to 2000) 
(Table 5.9). Another change contributing to degradation was deforestation indicated 
by both the MODIS and FGD data (Table 5.8). Sites showing a moderate to high 
level of agreement without FGD results are Babaye, Bazaga, and Bela Berim, all of 
which are mostly degraded. Bela Berim showed 100 % agreement. The MODIS 
results indicate a decrease in wooden cover here where conversion to grassland is 
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Niger Sample Sites 

O Niger Sites 
H Long Term Degradation 
Recent Degradation only 
■ improvement 




Fig. 5.7 Selected ground truthing sites in Niger. Note Dark red indicates pixels that demonstrate 
both long-term degradation as well as degradation in recent (2000-2006) years, green pixels 
indicate sites with improved land 



Table 5.7 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the six sites in Niger 



Site 


Le et al. (2014) 
assessment 


FGD 

assessment 


Landsat NDVI 
(2000-2005) 


MODIS 

land-cover change 


Agreement 


Babaye 


Degraded 


N/A 


Degraded 


Improved 


2/3 


Bazaga 


Improved 


N/A 


Degraded 


Degraded 


2/3 


Bela 

Berim 


Degraded 


N/A 


Degraded 


Degraded 


3/3 


Kone 

Beri 


Degraded 


Degraded 


Improved 


Improved 


2/4 


Ndjibri 


Improved 


N/A 


Degraded 


Mixed 


0/3 


Tiguey 


Degraded 


Degraded 


Degraded 


Mixed 


3.5/4 



occurring. Babaye and Bazaga had somewhat mixed results, and without the FGD 
results it is more difficult to interpret what is actually occurring. 

Two sites showed less agreement, Ndjibri with 0/3 agreement and Kone Beri 
with 2/4 agreement. The FGD results indicate that Kone Beri had a decrease in crop 
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Table 5.8 Summary of the focus group discussion results for the two sample sites in Niger 



Site 


Changes in 
land use 


Yields 

and 

cropping 

intensity 


Forest cover 


Perception of 
long-term trends in 
degradation 


Unobservable 
using remote 
sensing 


Kone 

Beri 


Decrease in 
cropland. 
Increase in 
shrubland 
and bare soil 


Increased 

intensity 

but 

decreased 

yields 


Severe 

deforestation 


Long term degradation 
due to decreasing 
value of crops, 
deforestation and 
ensuing erosion 


Water erosion 


Tiguey 


Decrease in 
grasslands, 
increase in 
croplands 


Static 

cropping 

intensity, 

decreased 

yields 


Moderate 

deforestation 


Long-term degradation 
due to overexploitation 
and too little nutrient 
recirculation. 

Extensive 

deforestation 


Nutrient 
depletion, 
water erosion 



Table 5.9 Summary of remote sensing analyses for sample sites in Niger 



Site 


Modis land-cover change 


Change in Landsat NDVI 
(2000-2005) 


Trends in Landsat NDVI 
(1975-2005) 


Babaye 


Largely unchanged land 
cover. Increase in wooded 
cover but loss of 
grasslands 


Decrease across most of 
the area. Some areas have 
a mixed pattern of spatial 
change 


Increase until 2000, but 
then degrades sharply 
back down to ~ 1990 
levels 


Bazaga 


Changes in cropland 
extent both directions, net 
increase. Decrease in 
wooded cover with 
increases in barren and 
grasslands 


Coherent spatial pattern of 
decrease. Most areas 
demonstrate large 
decreases 


No coherent pattern. 
Decrease to 1990, increase 
to 2000, decrease to 2005 


Bela 

Berim 


Largely unchanged land 
cover. Decrease in 
wooded cover but gain of 
grasslands 


Small magnitude changes, 
spatially coherent and 
largely decreasing 


Increase to 2000, decrease 
in recent years to 2005 
only slightly above 1975 
levels 


Kone 

Beri 


Both gain and loss of 
wooded cover, but slight 
net increases with 
additional increase from 
barren to grassland 


Spatially coherent patterns 
of primarily improvement, 
but ravine in study area 
shows degradation 


Static from 1975 to 1990, 
decrease to 2000 but 
increase in recent years to 
2005 


Ndjibri 


Both gain and loss of 
wooded cover and 
grasslands. Slight net 
decrease in wooded cover 
and larger net increase in 
grasslands 


Large spatially coherent 
patterns of change, largely 
decrease in recent years of 
large magnitude 


Static from 1975 to 1990, 
increase to 2000 but 
decrease in recent years to 
2005 down to below 1975 
levels 


Tiguey 


Loss of grasslands to 
cropland. Increase in 
wooded cover from 
grasslands 


Somewhat spotty spatial 
patterns of change, largely 
negative changes but 
some positive 


Steady increase to 2000, 
decrease in recent years to 
2005, but still above 1990 
levels 
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O India Sample Sites 
| Recent degradation 
□ Past degradation 
I Land improvement 



f.-r 
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Jeur Bayjabaiche 



Hivrebajar 



Fig. 5.8 Selected ground truthing sites in India. Note dark red indicates pixels that demonstrate 
both long-term degradation as well as degradation in recent (2000-2006) years, green pixels 
indicate sites with improved land 
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land but an increase in shrub land and bare soil. Results also showed a severe forest 
loss and an increase in cropping intensity but a decrease in yields. Another issue 
that the FGD results showed was water erosion, which would not be an observable 
change viewed by remote sensing. MODIS land-cover changes and NDVI however 
show an increase in vegetation. MODIS shows a slight increase in forest area and a 
change from barren to grassland. Landsat NDVI trends show a recent increase. 



Additional Sample Sites 

In addition to Niger and Senegal, study sites within the countries of India, 
Uzbekistan, Tanzania, and Ethiopia were chosen to compare survey results with 
remote sensing datasets. The study sites within these countries differ in that they 
were not chosen to represent degraded and improved areas of the Le et al. (2014) 
dataset but rather areas that were most successful for conducting interviews with 
local stakeholders. Study sites that did not intersect with either degraded or 
improved pixels of the Le et al. (2014) dataset were considered to have mixed 
results. A benefit to this analysis is the comparison of improved or degraded areas 
not identified by the Le et al. (2014) dataset with the survey and other remote 
sensing results. Following are comparisons of the survey results with the remote 
sensing datasets. 



India Sample Sites 

Figure 5.8 illustrates the eight sites chosen in India. The site with the highest 
agreement was Hivrebajar (3.5/4). Other sites with high agreement were Sangoha 
Jeur and Bayjabaiche both 3/4 agreement. 

In general, study sites in India showed many mixed results. The highest 
agreement was in Hivrebajar at 3.5/4. Unlike the previous countries, this site 
showed both a high level of agreement and mostly improvement. Almost all sites 
fluctuated between improvement and degradation, with many sites showing mixed 
categories. The main reason for this is that many of these sites had fluctuating 
agriculture between years. The MODIS land cover data showed changes within 
cropland but the cropland area itself was mostly static. Changes in agricultural 
intensity and crops grown in this area could have wide ranging effects on both the 
Landsat NDVI and the Le et al. (2014) data. This alone can cause discrepancies 
between datasets. Another issue with agreement was between the FGD results and 
the NDVI and MODIS land cover data. In most cases the FGD results had different 
results than NDVI and/or MODIS land cover, although tended to agree more with 
the Le et al. (2014) dataset (Table 5.10). 
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Table 5.10 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the eight sites in India 



Site 


Le 

assessment 


FGD 

assessment 


Landsat 
NDVI (2000- 
2005) 


MODIS 

land-cover 

change 


Agreement 


Jeur 

Bayjabaiche 


Improved 


Mixed 


Improved 


Mixed 


3/4 


Miri 


Improved 


Degraded 


Improved 


Mixed 


2.5/4 


Loharvadi 


Improved 


Degraded 


Improved 


Mixed 


2.5/4 


Kurhe Wash 


Mixed 


Degraded 


Improved 


Mixed 


2/4 


Mungasgaon 


Improved 


Improved 


Degraded 


Mixed 


2.5/4 


Hivrebajar 


Improved 


Improved 


Improved 


Mixed 


3.5/4 


Peont 


Mixed 


Mixed 


Degraded 


Degraded 


2/4 


Sangoha 


Mixed 


Mixed 


Degraded 


Mixed 


3/4 



Uzbekistan Sample Sites 

Figure 5.9 illustrates the six sites chosen in Uzbekistan. The site with the highest 
agreement was Khorezm (4/4). Other sites with high agreement were Shirin KFI 
(3/4) and Fazli (3.5/4). 

Similar to Senegal the highest agreement was in areas of degradation. Khorezm 
showed 4/4 agreement, followed closely by Fazli, which had 3.5/4 agreement due to 
the FGD data being unavailable for this village. A lot of the FGD results showed 
mixed degradation in Uzbekistan. Similar to India, many of the villages had rotating 
cropland areas. Almost all sites showed a resent decrease in Landsat NDVI, much 
of this decrease could be due to changing agricultural practices. In many cases the 
MODIS land cover showed some areas being converted to agriculture while other 
areas nearby were reverted to natural land. This could be due to the nature of 
agricultural practice rather than permanent or long-term land-cover conversion 
(Table 5.11). 



Tanzania Sample Sites 



Figure 5.10 illustrates the eight sites chosen in Tanzania. The sites with the highest 
agreement were Mazingara and Mamba (4/4). These sites also appeared to be the 
sites with the most degradation. Other sites with higher agreement that were mostly 
degraded were Sejeli, Maya Maya, Zuzu, and Dakawa (3/4). 

Similar to Senegal the highest agreement was in areas of degradation. Mamba 
and Mazingara both showed 4/4 agreement. The Le et al. (2014) dataset and the 
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Fig. 5.9 Selected ground truthing sites in Uzbekistan. Note Dark red indicates pixels that 
demonstrate both long-term degradation as well as degradation in recent (2000-2006) years, green 
pixels indicate sites with improved land 



Table 5.11 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the eight sites in 
Uzbekistan 



Site 


Le 

assessment 


FGD 

assessment 


Landsat NDVI 
(2000-2005) 


MODIS 

land-cover change 


Agreement 


Chigotoy 


Mixed 


Mixed 


Degraded 


Improved 


2/4 


Zhalalov 


Mixed 


Mixed 


Improved 


Degraded 


2/4 


Shirin 

KFI 


Mixed 


Mixed 


Degraded 


Mixed 


3/4 


Fazli 


Degraded 


Mixed 


Degraded 


Degraded 


3.5/4 


Khorezm 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 


Raushan 


Degraded 


Improved 


Degraded 


Mixed 


2.5/4 



FGD results showed a near consensus. MODIS land-cover change also showed a 
high level of agreement. Most of the disagreement occurred with the Landsat NDVI 
data which showed improvement for many villages that the other datasets showed 
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Fig. 5.10 Selected ground truthing sites in Tanzania. Note Dark red indicates pixels that 
demonstrate both long-term degradation as well as degradation in recent (2000-2006) years, green 
pixels indicate sites with improved land 



degradation. Some of the sites, such as Sejeli, Zombo, and Zuzu, that showed recent 
Landsat NDVI improvement, had mostly declining NDVI values from 1975 to 
2000 indicating degradation (Table 5.12). 



Ethiopia Sample Sites 

Figure 5.11 illustrates the eight sites chosen in Ethiopia. The site with the highest 
agreement was Kawo (4/4). The rest of the sites showed mostly poor agreement at 
2/4 or less. 

The highest agreement was in an area of degradation for the site Kawo. The rest 
of the sites in Ethiopia showed poor agreement at 2/4 or less. The Le et al. (2014) 
dataset and the FGD results showed either mixed or degradation results, however 
the Landsat NDVI and MODIS land-cover change datasets also showed some sites 
having improvement. One issue was that all of the sites except Kawo and Koka 
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Table 5.12 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the eight sites in 
Tanzania 



Site 


Le 

assessment 


FGD 

assessment 


Landsat NDVI 
(2000-2005) 


MODIS 

land-cover change 


Agreement 


Zombo 


Degraded 


Degraded 


Improved 


Mixed 


2.5/4 


Dakawa 


Degraded 


Degraded 


Improved 


Degraded 


3/4 


Mtili 


Mixed 


Improved 


Degraded 


Mixed 


2/4 


Sejeli 


Degraded 


Degraded 


Improved 


Degraded 


3/4 


Zuzu 


Degraded 


Degraded 


Improved 


Degraded 


3/4 


Maya 

Maya 


Degraded 


Degraded 


Improved 


Degraded 


3/4 


Mamba 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 


Mazingara 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 




Fig. 5.11 Selected ground truthing sites in Ethiopia. Note Dark red indicates pixels that 
demonstrate both long-term degradation as well as degradation in recent (2000-2006) years, green 
pixels indicate sites with improved land 

Negewo did not intersect the Le et al. (2014) data so they were given a mixed result. 
This was only a small part of the lower agreement between datasets since most of 
the sites also have confusion within the remote sensing datasets (Table 5.13). 
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Table 5.13 Agreement between the Le et al. (2014) land degradation map, the focus group 
discussions (FGD), and the independent remote sensing analyses for each of the eight sites in 
Ethiopia 



Site 


Le 

assessment 


FGD 

assessment 


Landsat NDVI 
(2000-2005) 


MODIS 

land-cover change 


Agreement 


Kemona 


Mixed 


Mixed 


Improved 


Improved 


2/4 


Ifabas 


Mixed 


Degraded 


Improved 


Mixed 


2/4 


Mande 

Tufisa 


Mixed 


Degraded 


Improved 


Mixed 


2/4 


logo 


Mixed 


Degraded 


Improved 


Improved 


1/4 


Garambado 


Mixed 


Mixed 


Degraded 


Degraded 


2/4 


Kawo 


Degraded 


Degraded 


Degraded 


Degraded 


4/4 


Koka 

Negewo 


Degraded 


Mixed 


Improved 


Mixed 


2/4 



Conclusions 



Land degradation is a growing issue as an expanding population with changing and 
increasing consumption patterns is placing a higher demand on the land. Properly 
identifying areas of degradation is vital in creating policies aimed at restoring the 
land. This study evaluated past efforts at identifying areas of land degradation 
hotspots by comparing these past results with field surveys, MODIS land-cover 
data, and Landsat NDVI data. This evaluation showed that, similar to the global 
analysis of GIMMS NDVI and Landsat NDVI, the final Le et al. (2014) dataset 
displayed intermediate agreement with the field results. Many of the same problems 
identified in the GLADIS field evaluation in South Africa persist in the Le et al. 
(2014) dataset. Discrepancies relating to processes that are unobservable using 
remote sensing, such as erosion and salinization, pervaded the sample sites. 
Dynamic farming landscapes posed an additional challenge to the NDVI and 
land-cover change analyses, particularly the practice of following fields and 
planting permanent tree crops. Finally, the coarse resolution of the global dataset 
was unable to disentangle coexisting processes of improvement and degradation 
from one-another on spatial scales finer than ~ 8 km. 

Additional discrepancies exist, such as the data resolution gap between each of 
the data sets (8 km 2 AVHRR, 1 km 2 MODIS, and the 30 m 2 Landsat data). Also, 
although land-cover change is a good indicator of land degradation, it is not directly 
comparable with changes in NDVI. It can be difficult to identify whether defor- 
estation or conversion of shrubland to cropland, will lead to land degradation in the 
future. Land degradation is a creeping process, often taking many years to manifest 
in issues such as soil fertility loss and erosion. 

The Le et al. (2014) dataset makes considerable progress in that it corrects for 
systematic problems associated with using NDVI alone as an indicator of land 
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degradation, and addresses the issue of atmospheric fertilization and NDVI satu- 
ration. However, the dataset does not identify or treat differently areas of forest 
management or other temporary land-cover/land-use changes that may not be 
associated with land degradation. The Le et al. (2014) dataset was developed with 
the intent of identifying “hot spots” of land degradation, and further progress is 
needed before global maps may be used as a proxy for land degradation. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Chapter 6 

Global Cost of Land Degradation 



Ephraim Nkonya, Weston Anderson, Edward Kato, Jawoo Koo, 
Alisher Mirzabaev, Joachim von Braun and Stefan Meyer 



Abstract Land degradation — defined by the Millennium Ecosystem Assessment 
report as the long-term loss of ecosystems services — is a global problem, negatively 
affecting the livelihoods and food security of billions of people. Intensifying efforts, 
mobilizing more investments and strengthening the policy commitment for 
addressing land degradation at the global level needs to be supported by a careful 
evaluation of the costs and benefits of action versus costs of inaction against land 
degradation. Consistent with the definition of land degradation, we adopt the Total 
Economic Value (TEV) approach to determine the costs of land degradation and 
use remote sensing data and global statistical databases in our analysis. The results 
show that the annual costs of land degradation due to land use and land cover 
change (LUCC) are about US$231 billion per year or about 0.41 % of the global 
GDP of US$56.49 trillion in 2007. Contrary to past global land degradation 
assessment studies, land degradation is severe in both tropical and temperate 
countries. However, the losses from LUCC are especially high in Sub-Saharan 
Africa, which accounts for 26 % of the total global costs of land degradation due to 
LUCC. However, the local tangible losses (mainly provisioning services) account 
only for 46 % of the total cost of land degradation and the rest of the cost is due to 
the losses of ecosystem services (ES) accruable largely to beneficiaries other than 
the local land users. These external ES losses include carbon sequestration, bio- 
diversity, genetic information and cultural services. This implies that the global 
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community bears the largest cost of land degradation, which suggests that efforts to 
address land degradation should be done bearing in mind that the global commu- 
nity, as a whole, incurs larger losses than the local communities experiencing land 
degradation. The cost of soil fertility mining due to using land degrading man- 
agement practices on maize, rice and wheat is estimated to be about US$15 billion 
per year or 0.07 % of the global GDP. Though these results are based on a crop 
simulation approach that underestimates the impact of land degradation and covers 
only three crops, they reveal the high cost of land degradation for the production of 
the major food crops of the world. Our simulations also show that returns to 
investment in action against land degradation are twice larger than the cost of 
inaction in the first six years alone. Moreover, when one takes a 30-year planning 
horizon, the returns are five dollars per each dollar invested in action against land 
degradation. The opportunity cost accounts for the largest share of the cost of action 
against land degradation. This explains why land users, often basing their decisions 
in very short-time horizons, could degrade their lands even when they are aware of 
bigger longer-term losses that are incurred in the process. 

Keywords Land degradation • Total economic value • Land use/cover change • 
Ecosystem services • Global cost 



Introduction 

Land degradation — defined as persistent or long-term loss of ecosystem services, 
has recently gained a more prominent attention in national and international 
agendas, especially after the food crisis in 2008 with spiking food and land prices 
(von Braun 2013) and higher demands for biofuels. The rising concern for sus- 
tainable development and poverty reduction has also contributed to increased 
attention to sustainable land management. Land degradation affects the poor the 
most since they heavily depend on natural resources. Despite the increasing need 
for addressing land degradation, investments in sustainable land management 
remain limited — especially in low income countries. An FAO study on agricultural 
investment showed a declining public investment in agricultural sector in 
Sub-Saharan Africa (SSA) over the past three decades (FAO 2012), with the public 
expenditure per worker declining from US$152 in 1980-89 to only US$42 in 
2005-07 (ibid). 

As part of efforts to raise awareness of the cost of inaction against land degra- 
dation, this study is conducted to determine the cost of land degradation across 
regions and globally. The study makes new contributions to literature by adopting 
the Millennium Ecosystem Assessment (MEA 2005) definition of land degradation 
and, therefore, using the Total Economic Value (TEV) approach to determine the 
value of land degradation (see Nkonya et al. 2013). 
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This study contributes to literature significantly as it develops analytical methods 
that use TEV approaches and data that are easily available to allow regular economic 
assessment of land degradation and improvement. The analytical methods are pre- 
sented in a simplified language to allow application across disciplines and different 
analytical skill levels of economics and ecology. The study also covers two major 
forms of land degradation — namely loss of value of ecosystem services due to land 
use change/cover (LUCC) of six major biomes and use of land degrading man- 
agement practices on cropland and grazing lands that do not experience LUCC. The 
six major biomes include forest, shrublands, grasslands, cropland, bare land, and 
woodlands and they accounted for about 86 % of land area in 2001 (NASA 2014). 

Even though this study uses TEV to reflect the broader concept of land degra- 
dation and includes six biomes, it does not comprehensively cover all forms of land 
degradation. We do not cover some forms of environmental degradation — such as 
over-application of fertilizers or agrochemicals that lead to eutrophication. We also 
do not cover degradation of forests, grasslands, shrublands and woodlands that did 
not experience LUCC. Additionally our study does not consider loss of wetlands — 
a biome that covers 550 million ha (Spiers 2001), which is about 4 % of global land 
area. This is due to lack of proper data to analyze loss of wetlands. 

Our study does not analyze the impact land degradation on consumers of food, 
feed, etc. Our study also does not analyze indirect impacts of land degradation such 
as the increasing prices of land, migration, etc. These omissions are necessary to 
make the study tractable. Other studies could be commissioned to cover these gaps. 

This paper is organized as follows. The next section discusses past studies on the 
costs of land degradation at regional or global levels. This is followed by a 
description of the analytical methods and data used in this study. The results section 
follows and the last concludes with policy implications. 



Previous Global Studies on the Costs of Land Degradation 



A number of studies have estimated the costs of land degradation at the global level. 
It is not our aim to conduct a comprehensive review of such studies, rather our 
objective is to highlight the different estimation methods and consequent wide 
variation of findings on the global costs of land degradation. The 12 studies 
reviewed are summarized in Table 6.1. The costs of land degradation range from 
US$17.58 billion to as high as US$9.4 trillion (both at 2007 values). Two major 
reasons explain the large variation of these estimates. First, the studies use different 
methodological approaches. Secondly, some studies evaluate only few biomes 
while others are more comprehensive and cover all major biomes. Dregne and Chou 
(1992) were among the earliest to evaluate the global costs of land degradation. 
Using a loss of productivity approach, they estimated that the global cost of 
cropland and grassland degradation in 1990 at US$43 billion. A more recent study, 
based on literature review, estimated the cost of land degradation to be about US 
$450 billion per year (UNCCD 2013). Using loss of carbon sink as an indicator of 
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Table 6.1 Global costs of land degradation of past studies 



Author(s) 


Annual cost 
reported 
(US$ billion) 


Equiv. annual 
cost in 2007 
US$ billion 


Comments 


FAO (2007) 


40 


40.00 


Methods not reported 


UNCCD 

(2013) 


490 


685.40 


Review of literature 


Trivedi et al. 
(2008) 


43-65 


41.4-62.6 


Loss of carbon sink due to deforestation 
of tropical rainforests 


Dregne and 
Chou (1992) 


43 


54.69 


Loss of productivity of cropland and 
grassland 


Basson 

(2010) 


21 


20.27 


Off-site cost of soil erosion: (i) reduced 
water storage structures, with the 
replacement costs of silted-up reservoirs 

(ii) loss of hydroelectric power 

(HEP) and damage to HEP infrastructure 

(iii) reduction of irrigation reservoir 


Myers et al. 
(2000) 


300 


361.15 


Cost of protection of biodiversity loss 


Costanza 
et al. (2014) 


9400 


9400.00 


Benefit transfer approach to estimate the 
Total economic (TEV) of ecosystem 
services. Cost of terrestrial land 
degradation computed as net loss/gain of 
value of ecosystem services of terrestrial 
biomes 


Trutcost 

(2014) 


6900 


6900.00 


Literature review and government 
studies and stylized environmental 
evaluation methods of environmental 
pollution 


Dodds et al. 
(2013) 


900 


800.73 


Anthropogenic degradation of freshwater 
ecosystem services 


Chiabai et al. 
(2011) 


261 a 


277.07 


Simulation using IMAGE 2.4 model of 
net present value of forest ecosystem 
services, 2000-2050 



a Lower bound of the estimate increase in value of ecosystem services equal to US$61 



land degradation, Trivedi et al. (2008) estimated the global cost of deforestation of 
tropical forests and rainforests was about US $43-65 billion. The cost of avoiding 
degradation could also be used to measure the cost of land degradation 
(Requier-Desjardins et al. 2011). Accordingly, Myers et al. (2000) estimated the 
cost of avoiding the loss of biodiversity to be about US$300 billion. Using 
replacement costs of silted up reservoirs, loss of hydroelectric power and reduction 
in irrigated production, Basson (2010) estimated the annual global cost of siltation 
of water reservoirs to be about $18.5 billion. 

A more recent study by Costanza et al. (2014) uses the total economic value 
approach and estimated the net cost of terrestrial ecosystem services to be about US 
$9.9 trillion. As shown in Fig. 6.1, a large share of the loss of terrestrial ecosystems 
in this study came from wetlands degradation. 
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Fig. 6.1 Global value of change of ecosystem services, 1997-2007. Source Computed from 
Costanza et al. (2014) 

The net loss of terrestrial ecosystem services is about US$9.4 trillion but the 
gross loss is US$13.4 of which wetlands loss accounts for 74 % and the remaining 
loss is accounted for by tropical forests. The other terrestrial biomes included in the 
study registered gains. 

Unlike Costanza et al. (2014), Trucost (2014) directly estimated the environ- 
mental impacts of economic activities. Specifically, the environmental impacts were 
measured by the cost of land use, greenhouse gas emission, water consumption and 
air pollution. The direct measurement of environmental pollution by companies is a 
significant contribution of the Trucost (2014) study. 

The review above shows that the costs of land degradation include a wide range 
of costs, an aspect which implies the difficulty of achieving a consensus on one 
specific costs estimate. As argued by Nkonya et al. (2013), this study approach 
bears in mind the data availability at the global level and the key elements that need 
to be taken into account in any global ELD assessment. A standardized procedure 
could, thus, allow the comparison of ELD values across studies. 

To lay ground for the methodological approaches used in this study, the fol- 
lowing section discusses the land use types and their major characteristics. 



Land Use Types and Their Characteristics 



We discuss the terrestrial land use types used in this analysis, highlighting their 
extent and importance across regions. We focus on seven major terrestrial land use 
types, namely forests, shrublands, grasslands, cropland, woodlands, urban and bare 
or barren lands. 



122 



E. Nkonya et al. 



Definition and Classification of Terrestrial Biomes 
and Land Use/Cover Types 

There is a number of definition and classification of biomes that reflect the scien- 
tists’ area of emphasis (McGinley 2014). For example, FAO defines forest as an 
area with a minimum coverage of 1 ha, with at least 10 % crown cover and with 
mature trees at least 2 m tall (FAO 2011). The definition explicitly includes open 
woodlands, such as those found in the African Sahel. This differs from the 
International Geosphere-biosphere Programme (IGBP) definition, in which a forest 
is an area with 60 % tree canopy coverage (Table 6.2). Miller (1990) includes 
shrublands in grasslands while IGBP assigns shrublands a separate biome. In this 
study we use the IGBP definitions since the MODIS data used are defined 
according to IGPBP. 

The seven major terrestrial biomes covered in study account for about 86 % of 
the global land area in 2001. The rest of the area was covered by inland water 
bodies and wetlands. Wetlands cover less than 5 % of Earth’s ice-free land surface 
(NASA 2014), but they play a key role in carbon and water cycles. For example, 
Costanza et al. (2014) estimated the cost of wetlands degradation to be about 2007 
US$9.4 trillion/year or 50 % of the total annual cost of loss of terrestrial and marine 
ecosystem services estimated at 2007 US$20.2 trillion. However, we focus our 
analysis on the seven major biomes mentioned above. 

Table 6.2 defines each biome while Fig. 6.2 reports the global extent of each 
biome in 2001 at the global level. The table below Fig. 6.2 reports the corre- 
sponding extent of each biome at region level. We use the Moderate Resolution 



Table 6.2 Definition of biomes used in the study 



Biome 


IGBP definition 


Forests 


Woody vegetation with height >2 m and covering at least 60 % of land area. 
Forest trees divided into three categories: (i) Deciduous Broadleaf — broadleaf 
trees that shed leaves in annual cycles, (ii) Deciduous Needleleaf — as deciduous 
broadleaf but with narrow leaves, (iii) Evergreen Broadleaf Forests — broadleaf 
trees that remain green foliage throughout the year, (iv) needleleaf evergreen — 
like evergreen broadleaf but with narrow leaves 


Grassland 


Fands with herbaceous types of cover. Tree and shrub cover is less than 10 % 


Cropland 


Fands covered with temporary crops followed by harvest and a bare soil period 
(e.g., single and multiple cropping systems). Note, perennial woody crops are 
classified as forest or shrubland 


Bare 


Barren or Sparsely Vegetated (Bare Soil and Rocks). Fands with exposed soil, 
sand or rocks, with less than 10 % vegetated cover throughout the year 


Shrublands 


Vegetation with mainly shrubs or short trees (shrubs) of less than 2 m. Canopy 
of shrublands is fairly open and allows grasses and other short plants grow 
between the shrubs 


Woodland 


Biome with tree cover of 5-10 %, with trees reaching a height of 5 m at maturity 



For more definitions, please see http://earthobservatory.nasa.gov/Experiments/Biome/vocabulary. 
php 
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■ Fo rest Sh ru b la nd v 6 rassl a nd 

> Cropland Urban Bare 



Region 


Forest 


Shrubland Grassland Cropland Urban 


Bare 


Woodlands 


Area as percent of total land area 


SSA 


21.88 


11.21 


20.21 


18.1 


2.58 


11.41 


14.6 


LAC 


37.36 


8.79 


22.48 


14.66 


5.46 


3.16 


8.11 


NAM 


39.16 


5.94 


8.37 


36.11 


2.61 


0.93 


6.89 


East Asia 


35.7 


5.28 


9.54 


18.37 


9.65 


4.31 


17.14 


Oceania 


37.4 


15.9 


17.96 


15.19 


0.19 


3.72 


9.65 


South Asia 


48.51 


4.15 


5.9 


23.08 


2.59 


2.88 


12.9 


SE Asia 


46.82 


0.99 


5.22 


27.84 


2.34 


0.95 


15.83 


East Europe 


28.83 


4.45 


7.85 


50.31 


2.88 


0.63 


5.06 


West Europe 


26 


6 


21.78 


27.44 


4.65 


1.28 


12.85 


Global 


28.72 


8.62 


16.75 


23.22 


3.26 


6.69 


12.74 



Fig. 6.2 Extent of the major terrestrial biomes, 2001. Note SSA Sub-Saharan Africa; LAC Latin 
American Countries; NAM North America; SE South-east. See Appendix for countries in each 
region. Source Calculated from MODIS data 



Imaging Spectroradiometer (MODIS) landcover data to analyze the land use and 
land cover change (LUCC). MODIS data are collected by NASA’s two satellites 
(Terra (EOS AM) and Aqua (EOS PM)) and have three levels of resolutions (250, 
500, and 1000 m) (NASA 2014) and were launched in December 1999. For our 
study we use the 1-km resolution that matches the International Geosphere- 
Biosphere Program (IGBP) land cover classification. The data include a much 
greater number of inputs (7 wavelengths, or “bands”) as well as the enhanced 
minimum and maximum annual values of vegetation index, land surface temper- 
ature. The MODIS data are quality controlled and ground-truthed (Friedl et al. 
2010). The overall accuracy of land use classification is about 75 % (Friedl et al. 
2010). As will be discussed below, LUCC will be used as one form of land 
degradation or improvement. 
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■ Ecological restoration ■ Rainforest ■ 



Fig. 6.3 Species bird richness in ecological restoration 10-year trees versus primary rainforest. 
Source Computed from Cateral et al. (2004) 

Forest 

The forests serve as the biggest terrestrial carbon sink as they store about 861 
petragrams of Carbon (PgC) (Pan et al. 2011), which is about half the global 
terrestrial global carbon stock (FAO 2013). However, due to different definitions of 
forest by FAO and IGBP, the extent and land use change reported in this study could 
differ from those reported by FAO. Our analysis will look at the change in forest 
extent as land degradation/improvement even though other forms of land degrada- 
tion or improvement may happen through changes of forest density. In the past two 
decades (1990-2010), global forest density — tree density per hectare — increased 
(Rautiainen et al. 2011). The increase was most pronounced in North America and 
Europe and the increase in Africa and South America was only modest. In Asia, 
forest density increased in 1990-2000 but decreased in 2000-2010 (ibid). 

Loss and gain in biodiversity is another important aspect that changes as forest 
LUCC occurs. Unfortunately, biodiversity builds over many years and cannot be 
fully restored through reforestation and afforestation programs (CBD 2010). Newly 
planted forests have fewer tree species and lower fauna and flora biodiversity (Ibid). 
For example, a study of ecological restoration through replanting of rainforest in 
Australia showed that birds richness in planted rainforest was only about half of 
their reference rainforest (Fig. 6.3). 



Grassland 

According to the MODIS data, grassland covers 17 % of the land area (Fig. 6.2), 
but grassland could also include shrublands (Miller 1990; FAO 2010). Using the 
broader definition of grassland, including subtropical deserts, 1 grasslands, tundra, 



Subtropical deserts differ from bare deserts since they have vegetation with strong moisture and 
water conservation mechanisms, which are well-adapted to the low precipitation. 
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Table 6.3 Land area of grassland (million km 2 ) 



Regions 


Savanna 


Shrublands 


Non-wood grassland 


Tundra 


Global 


Asia (excl NENA) 


0.9 


3.76 


4.03 


0.21 


8.89 


Europe 


1.83 


0.49 


0.7 


3.93 


6.96 


NENA 


0.17 


2.11 


0.57 


0.02 


2.87 


SSA 


10.33 


2.35 


1.79 


0 


14.46 


NAM 


0.32 


2.02 


1.22 


3.02 


6.58 


CAC 


0.3 


0.44 


0.3 


0 


1.05 


South-America 


1.57 


1.4 


1.63 


0.26 


4.87 


Oceania 


2.45 


3.91 


0.5 


0 


6.86 


World 


17.87 


16.48 


10.74 


7.44 


52.53 



Note CAC Central American and Caribbean; NENA Near East and North Africa. Source White 
et al. (2000) 



woodlands and shrublands (Miller 1990), it is estimated that the biome cover 
5 billion ha or 40 % of global land area and store about 30 % of carbon stock 
(Tennigkeit and Wilkies 2008) Grasslands, account for 70 % of the global agri- 
cultural area, and about 20 % of the soil carbon stocks (Ramankutty et al. 2008). 
However, not all grasslands are used for livestock production. FAO (2012) esti- 
mates that 26 % of the ice-free land area is used for livestock production, sup- 
porting about one billion people, mostly pastoralists in South Asia and SSA. 
Livestock provides about a quarter of protein intake and 15 % of dietary energy by 
global human population (Ibid). Table 6.3 reports the distribution of grassland 
across regions in 2000. 



Shrublands and Woodlands 



We discuss shrublands and woodlands together, similarly to previous literature (e.g. 
see ME A 2005). The major difference between them is the tree height. Shrublands 
are covered by shorter trees (shrubs) and woodland is a biome with tree cover of 5- 
10 % — with trees reaching 5 meters height at maturity (FAO 2010). Shrublands 
account for 9 % of the global land area while woodlands cover about 13 % of the 
land area (Fig. 6.2). Shrublands and woodlands serve as pasture and provide many 
other forms of ecosystem services (MEA 2005). 



Cropland 

According to the MODIS data used in this study, cropland is the second largest 
biome as it covers 23 % of land area (Fig. 6.2). Extent of cropland area in 1992- 
2009 decreased by 0.3 % but increased by 4 % in SSA — the largest increase in the 
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world (FAOSTAT 2014; Foley et al. 2011). Consequently SSA experienced the 
highest deforestation rate in the world (Gibbs et al. 2010). Cropland mainly provide 
provisioning services though it also provides regulating and cultural services, 
supporting services, regulation of water and climate systems and aesthetic services 
(Swinton et al. 2007). 



Bare Lands 

Covering about 7 % of the land area, bare land has exposed soil, sand or rocks, with 
less than 10 % vegetative cover throughout the year. This includes the deserts and 
degraded lands. This also includes the Polar Regions permanently covered with 
snow or ice. In our LUCC analysis, the bare biome analysis will focus on bare land 
that could have been affected by anthropogenic changes and will exclude Polar 
Regions and other uninhabited areas. 



Urban 



The urban areas have been expanding rapidly in the past few decades, covering 3 % 
of the global land area in 2001 (Foley et al. 2005). For the first time, the urban 
population surpassed the rural population in 2009 (UN 2010). We do not include 
the urban areas in ecosystem services valuation due to their complex nature. 



Analytical Approach 

We use the Total Economic Value (TEV) approach, which assigns value to both 
tradable and non-tradable ecosystem services. There is a considerable debate on the 
usefulness of the TEV approach (e.g. see a review by Nijkamp et al. 2008; Seppelt 
et al. 2011). Given the complex nature of ecosystem services, double-counting is a 
major problem of TEV approach (Balmford et al. 2008). Another problem is 
assigning value to non-tradable ecosystem services. For example an attempt to 
assign value to some of the ecosystem services — e.g. the air we breathe — could be 
futile as such resources may not be amenable to valuation and could put unnec- 
essary cost burden on producers. For example, Trucost (2014) evaluated the global 
social cost of loss of ecosystem services to be about US$4.7 trillion per year and 
concluded that the top 20 production sectors that lead in ecosystem services 
degradation would not make profit if they took into account the lost ecosystem 
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services. 2 Despite this, there is a strong realization of the importance of using the 
broader MEA (2005) definition of land degradation and this justifies the use of the 
TEV approach to determine the cost of land degradation. Our approach uses 
methods that avoid double counting or assigning values that may be contestable. 

We divide the causes of land degradation into two major groups and evaluate the 
cost for each: 

1 . Loss of ecosystem services can be due to LUCC that replaces biomes that have 
higher ecosystem value with those that have lower value. For example, change 
from one hectare of forest to one hectare of cropland could lead to loss of 
ecosystem services since the TEV of a forest is usually higher than the value of 
cropland. We focus on five major land use types: cropland, grassland, forest, 
woodland, shrublands and barren land. Even though Costanza et al. (2014) 
report that wetlands degradation accounts for about 50 % of total annual land 
degradation, we do not include wetlands because of their small extent (5 %) and 
limited data availability. 

2. Using land degrading management practices on a static land use, i.e. land use 
did not change from the baseline to endline period. Due to lack of data and other 
constraints, we focus on cropland and livestock only. 

We focus on anthropogenic land degradation, but due to the lack of relevant 
TEV data, we use a value transfer approach, which assigns ES values from existing 
case studies to ES valuation in other areas with comparable ES (Desvousges et al. 
1998; Troy and Wilson 2006). The value transfer approach has its weaknesses (e.g. 
see Defra 2010), but lack of data makes it the only feasible approach for global or 
regional studies. 



Land Degradation Due to LUCC 

The cost of land degradation due to LUCC is given by 

K 

Clucc = ^ (A< 2 i *Pi - Aa { *p 2 ) (6.1) 



2 Coal power generation (Eastern Asia); Cattle ranching (South America); coal power generation 
(North America); Wheat farming (Southern Asia); Rice farming (Southern Asia); Iron and steel 
mills (Eastern Asia); Cattle ranching (Southern Asia); Water supply (Southern Asia); Wheat 
farming (North Africa); Rice farming (Eastern Asia); Water supply (western Asia); Fishing 
(global); Rice farming (Northern Africa); Maize farming (Northern Africa); Rice farming (SE 
Asia); Water supply (Northern Africa); Sugar (Southern Asia); Natural gas extraction (Eastern 
Europe); and Natural gas generation (Northern America). 
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where CLUCC = cost of land degradation due to LUCC; = land area of biome 1 
being replaced by biome 2; P : and P 2 are TEV biome 1 and 2, respectively, per unit 
of area. 

By definition of land degradation, P : > P 2 . 

This means, LUCC that does not lead to lower TEV is not regarded as land 
degradation but rather as land improvement or restoration. To obtain the net loss of 
ecosystem value, the second term in the equation nets out the value of the biome 1 
replacing the high value, i = biome i, i == 1, 2, ... k. 

The ecosystem services included in the TEV and their corresponding value are 
reported in Table 6.4. Discussion on how data were processed to avoid 
double-counting is done in the data section below. 



Land Degradation Due to Use of Land Degrading 
Management Practices on a Static Cropland 



The provisioning services of crops are well known and directly affect rural 
households. What is less known are the ecosystem services provided by cropland. 
One such service is carbon sequestration, which we measure in this study by 
comparing sequestration due to sustainable land management (SLM) with that 
arising from land degrading practices. 

We use DSSAT-CENTURY (Decision Support System for Agrotechnology 
Transfer) crop simulation model (Gijsman et al. 2002) to determine the impact of 
SLM practices on crop yield and soil carbon. Among the most widely used crop 
models globally, DSSAT employs a process-based approach to model the growth of 
crops and their interaction with soils, climate, and management practices. DSSAT 
combines crop, soil, and weather databases for access by a suite of crop models 
enclosed under one system. When calibrated to local environmental conditions, 
crop models can help understand the current status of farming systems and test 
hypothetical scenarios. DSSAT model was modified by incorporating a soil organic 
matter and residue module from the CENTURY model. The combined 
DSSAT-CENTURY model used in this study was designed to be more suitable for 
simulating low-input cropping systems and conducting long-term sustainability 
analyses. 

DSSAT has been calibrated using many experiments around the world. 
However, the DSSAT and other process-based models have a number of disad- 
vantages as reported by Lobell and Burke (2010). Process-based crop models give 
point estimates and do not include all relevant biological processes. For example 
DSSAT cannot simulate the effect of salinity, soil erosion, phosphorus, potassium, 
intercropping and other processes that could affect yield. As a part of efforts to 
address these disadvantages, we also estimate empirical models that are based on 
previous studies. The empirical models incorporate the effect of salinity and soil 
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Table 6.4 Terrestrial ecosystem services and their global average value (2007 US$/ha/year) 



Ecosystem services 


Inland 

wetlands 


Tropical 

forest 


Temperate 

forest 


Woodlands 


Grasslands 


Provisioning services 


1659 


1828 


671 


253 


1305 


Food 


614 


200 


299 


52 


1192 


Water 


408 


27 


191 




60 


Raw materials 


425 


84 


181 


170 


53 


Genetic resources 




13 








Medicinal resources 


99 


1504 






1 


Ornamental 

resources 


114 






32 




Regulating services 


17,364 


2529 


491 


51 


159 


Air quality regulation 




12 








Climate regulation 


488 


2044 


152 


7 


40 


Disturbance 

moderation 


2986 


66 








Regulation of water 
flows 


5606 


342 








Waste treatment 


3015 


6 


7 




75 


Erosion prevention 


2607 


15 


5 


13 


44 


Nutrient cycling 


1713 


3 


93 






Pollination 




30 




31 




Biological control 


948 


11 


235 






Habitat services 


2455 


39 


862 


1277 


1214 


Nursery service 


1287 


16 




1273 




Genetic diversity 


1168 


23 


862 


3 


1214 


Cultural services 


4203 


867 


990 


7 


193 


Esthetic information 


1292 








167 


Recreation 


2211 


867 


989 


7 


26 


Inspiration 


700 










Cognitive 

development 






1 






Total economic 
value 


25,682 


5264 


3013 


1588 


2871 



Extracted from Groote et al. (2012) 



erosion (Nkonya et al. 2013). To capture the long-term impacts of land management 
practices, the DSSAT model will be run for 40 years. 

We use two crop simulation scenarios: 

1. SLM practices are the combination of organic inputs and inorganic fertilizer. 
Integrated soil fertility management (ISFM) — combined use of organic inputs, 
judicious amount of chemical fertilizer and improved seeds (Vanlauwe and 
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Giller 2006) is considered an SLM practice. Long-term soil fertility experiments 
have shown that ISFM performs better than the use of fertilizer or organic input 
alone (Vanlauwe and Giller 2006; Nandwa and Bekunda 1998). 

2. Business as usual (BAU). The BAU scenario reflects the current management 
practices practiced by majority of farmers. These could be land degrading 
management practices or those which are not significantly different from the 
performance of ISFM. 

Long-term soil fertility experiments have shown that even when using ISFM at 
recommended levels, yields decline due to decrease of soil organic matter (Nandwa 
and Bekunda 1998). This is also an indication of land degradation that will be taken 
into account as shown below. 

CLD = (/ - y d )P * (A - A c ) + (y c t=1 - y c t=40 ) * A C )P - tAC0 2 (6.2) 

where CLD = cost of land degradation on cropland, y c = average yield with ISFM 
in the 10 years, y d = average yield with BAU in the last 10 years, A = total area that 
remained under in baseline and endline periods, A c = cropland area under ISFM. 
P = price of crop i; 3^=1, 3^=40 are average yield under ISFM in in the first 10 years 
and last 10 years respectively; AC0 2 = change in the amount of carbon sequestered 
under SLM and BAU and x = price of C0 2 in the global carbon market. 

We compute the net carbon sequestration after considering the amount of C0 2 
emission from nitrogen fertilization and from manure application. One kilogram of 
nutrient nitrogen requires about 77.5 MJ for its production using the Haber-Bosch 
process, packaging, transportation, distribution, and application (Stout 1990). Of 
the 3553 PJ energy used in agriculture in 1998, nitrogen alone accounted for 64 % 
of the energy. The remaining energy in agriculture was used by (with their percent 
contribution in brackets) farm machinery (26 %), irrigation pumps (3 %) and 
pesticides (1 %) (Vlek et al. 2004). 

We focus on three major crops: maize, rice and wheat, which cover about 42 % 
of cropland in the world (FAOSTAT 2014). The three crops also consume the 
largest share of fertilizer use in all regions (Table 6.5). 



Table 6.5 Fertilizer use by 
the three most important crops 
in the world 



Region 


Maize 


Rice 


Wheat 


Total 


% of total consumption of N, P and K 


SSA 


26 


8 


7 


41 


LAC 


25 


6 


8 


39 


South Asia 


2 


32 


23 


56 


SE Asia 


8 


51 


0 


58 


NENA 


7 


3 


37 


46 


Global 


17 


17 


22 


55 



Notes: SSA Sub-Saharan Africa; LAC Latin America, SE 
South-east, NENA Near East and North Africa 
Source FAO (2006) 
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DSSAT will simulate maize, rice and wheat yields at a half degree resolution, 
i.e., about 60 km. 



Land Degradation on Static Grazing Land 

We use methods discussed in Chap. 8 and for brevity, we only summarize the 
discussion in this chapter. The models used to determine cost of land degradation is: 

i 

CLD m = ^ [DMI t= 2001 — DM I t= 2 oio\ 6 m x t P m 

i= l v 6 - 3 ) 

DMI, = biom t yK 

where DMI t = dry matter intake (tons) in year t in pixel i; 0 m = Conversion factor of 
grass DMI to the fresh weight of milk; P m = price of milk per ton; biomt = grass 
biomass production (DM) in year t; y = contribution of grass to total feed intake; 
xt = number of milking cows in pixel i; and k = share of above ground grass 
biomass actually consumed by livestock. 

Likewise, the loss of meat production due to land degradation (CLD b ) is 
given by 



CLDb = [DMI t= 2001 — DMI t=2 oio\6 b Xt?tPb, (6.4) 

where P b = price of meat per ton; 6 b = conversion factor of grass DMI to the fresh 
weight of meat; x t = off-take rate; other variables are as defined above. 

The total cost of static grassland degradation (LLD) is given by: 

LLD = CLD m + CLD b . (6.5) 

We only consider on-farm losses including milk production and off-take rate for 
meat and ignore the loss of live weight of livestock not slaughtered or sold since 
such loss is not liquidated and eventually affects human welfare. Due to lack of 
data, we also ignore the impact of degradation on livestock health, parturition, and 
mortality rates as well as loss of carbon sequestration and other environmental and 
ecological services provided by grasslands. This results in conservative estimates. 



Total Cost of Land Degradation 

We combine the total cost of land degradation from LUCC and from static land use 
as follows: 
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H 



TCLD = [CLD + LLD] + C lucc , 

i 



( 6 . 6 ) 



where TCLD = total cost of land degradation; CLUCC is cost of land degradation 
from LUCC; H = number of crops considered, H = 1, 2, 3, 4 (see Table 6.5). 

Other variables are as defined in equation in (6.1)-(6.5). We will express the 
total land degradation per year basis and assume that the rate of land degradation is 
linear. Hence the annual cost of land degradation will be expressed as: 



TCLD a 



TCLD 

T 



(6.7) 



where TCLD a = annual cost of land degradation; T = time from baseline to endline 
period. It should be noted that the annual cost of land degradation increases 
cumulatively as extent of land degradation increases. Thus, TCLD a reflects the 
long-term average — as stated in the definition of land degradation. 



Cost of Taking Action Against Land Degradation 

The approach for determining the cost of action for degradation due to LUCC has to 
consider the cost of reestablishing the high value biome lost and the opportunity 
cost of foregoing the benefits drawn from the lower value biome that is being 
replaced (Torres et al. 2010). For example, if a forest were replaced with cropland, 
the cost of planting trees or allowing natural regeneration (if still feasible) and cost 
of maintaining the new plantation or protecting the trees until they reach maturity 
has to be taken into account. Additionally, the opportunity cost of the crops being 
foregone to replant trees or allow natural regeneration has to be taken into account. 
This means the cost of taking action against land degradation due to LUCC is given 
by 



CTAi = At 2 |z, + ^ (.v, +PjXj) | . (6.8) 

where CTAi = cost of restoring high value biome i; pt = land user’s discount factor; 
Ai = area of high value biome i that was replaced by low value biome j; zi = cost of 
establishing high value biome i per ha; xi = maintenance cost of high value biome i 
per ha until it reaches biological maturity — i.e., the age at which biome is capable 
of reproducing and bearing seeds (hereafter referred to as maturity); Xj = produc- 
tivity of low value biome j per hectare; pj = price of low value biome j per unit (e.g. 
ton); t = time in years and T = Land user’s planning horizon. The term pjXj 
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represents the opportunity cost of foregoing production of the low value biome j 
being replaced. 

The cost of inaction will be the sum of annual losses due to land degradation 

T 

CI, = £ C 'u,cc> (6-9) 

t= 1 



where Cfi = cost of not taking action against degradation of biome i; C l LUCC is the 
cost of land degradation due to LUCC for biome i. Other variables are as defined in 
Eq. (6.1). As Nkonya et al. (2013) note, land users will take action against land 
degradation if CTAi < Cfi. 

The cost of action given in Eqs. 6.8 and 6.9 assumes all degradation effects are 
fully reversible but as discussed earlier, such assumption does not hold. For 
example, Fig. 6.3 shows that biodiversity of restored forests is lower than that of the 
natural forests. This is due to the loss of species habitat and biomes that take 
centuries to be restored. Given that the benefit of restoring degraded land goes 
beyond the maturity period of biome i, we have to use the land user’s planning 
horizon to fully capture the entailing costs and benefits. Poor farmers tend to have 
shorter planning horizon while better off farmers tend to have longer planning 
horizon (Pannell et al. 2014). The planning horizon also depends on the type of 
investment. For example, tree planting requires longer planning horizon than annual 
cropland. For brevity however, we will assume a 30 year planning horizon for all 
the biomes considered. 3 Our assumption implies that during this time, farmers will 
not change their baseline production strategies dramatically. It is important to 
consider the biome establishment period since it has important implications on 
decision making. Poor land users are less likely to invest in restoration of high value 
biomes that take long time to mature. For example, trees take about 4-6 years to 
reach maturity (Wheelwright and Logan 2004). Given this we assume a 6 year 
maturity for trees. For grasslands, we assume a 2 year maturity age for natural 
regeneration or planting. The assumption is based on perennial grass like Rhodes 
grass (Chloris gayana), which reach full maturity after 2 years (Heuze et al. 2015). 
Replanting is necessary if the LUCC involved excessive weeding of grass. Natural 
regeneration may take longer than 3 years but for simplicity we assume a three 
natural regeneration period. 

As expected both the cost of action and inaction differ significantly across space 
and time. For example, reforestation costs are lower in low income regions than in 
high income countries (Benitez et al. 2007). However low government effectiveness 
and other challenges exist in low income countries and these could lead to even 
higher costs to maintain improvement. Our analysis will take into account such 
differences by using actual costs that have been observed in projects/programs in 
two major economic groups — high and low income countries. 



3 The 30 year planning period for land degradation due to LUCC should not be confused with the 
40 year used in the crop simulation. 
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We also take into account the cost of land degradation across agroecological 
zones. For example, establishing a biome in a semi-arid area is more difficult than 
would be the case in humid and subhumid regions. Pender (2009) illustrate this 
using the survival rate of planted trees in the Niger, which was only 50 %. Other 
challenges also face farmers in arid and semi-arid areas (with annual average 
rainfall below 700 mm) when compared to land users in humid and subhumid areas 
(with annual precipitation above 700 mm) (USD 1996). Hence for any given region, 
we assume that the cost of establishing any biome in arid and semi-arid areas is 
twice the corresponding cost in the humid and subhumid regions in the same 
economic group. 

There are alternative land rehabilitation strategies available to land users. For 
example, action against deforestation could be taken using the traditional tree 
planting approach, which unfortunately is expensive but could achieve faster 
results. Assisted natural regeneration is also used and is cheaper than the conven- 
tional tree planting. For example, Bagong Pagasa Foundation (2011) found that the 
cost of the traditional replanting trees on deforested area was US$ 1079/ha com- 
pared to only US$579 for assisted natural regeneration. We will use the most 
common strategy in any given region and economic group. 



Data 

LUCC 



Table 6.6 reports the extent of each biome in 2001 and the corresponding change in 
2009. Figures 6.4 and 6.5 spatially report the corresponding changes. Extent of 
forest biome increased by almost 6 % globally with much of the increase occurring 
in temperate regions while almost all tropical regions experienced deforestation 
(Fig. 6.3). During the same period (2000-10), FAO (2011) reported an annual 
global deforestation rate of 0.1 %. As observed above, the disagreement between 
the MODIS land cover and FAO (201 1) could be due to the differences in definition 
of forests. 

While the extent of shrublands and cropland increased, the changes are quite 
different across different regions. The extent of cropland increased by 32 % in 
Oceania and by 12 % in SSA, but decreased in the Americas, Europe and SE Asia. 
Forest accounted for over 30 % of cropland expansion in Oceania and South Asia 
(Table 6.7). The source of cropland expansion in SSA was mainly shrublands and 
woodlands while forests accounted for only 19 % of cropland expansion 
(Table 6.7). This is contrary to Gibbs et al. (2010) who observed that forests 
contributed the largest share of crop expansion in SSA. Again, the difference could 
be explained by inclusion of woodlands and shrublands in the forest biome. 
MODIS data used in this study treats forest, shrublands and woodlands as separate 
biomes (Tables 6.2 and 6.6; Fig. 6.5). 
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Table 6.6 Land area of terrestrial biomes 2001 and change in 2009 



Region 


Forest 


Shrubland 


Grassland 


Cropland 


Bare 


Woodlands 


Area of biome in 2001 (million ha) 


SSA 


493.41 


640.63 


1402.09 


300.99 


2761.62 


821.59 


LAC 


854.43 


180.1 


465.77 


131.7 


51.22 


143.83 


NAM 


717.83 


444.38 


323.88 


559.81 


100.64 


276.62 


East Asia 


442.56 


137.32 


305.29 


327.95 


302.69 


547.9 


Oceania 


313.63 


3230 


2570.83 


87.46 


14.98 


2044.14 


South Asia 


191.96 


22.82 


21.72 


194.52 


20.65 


81.97 


SE Asia 


182.61 


3.13 


12.21 


60.2 


1.03 


72.9 


East Europe 


586.77 


510.75 


165.96 


310.86 


15.89 


268.3 


West Europe 


141.7 


57 


96.82 


156.19 


202.2 


103 


Total 


3924.9 


5226.12 


5364.59 


2129.69 


3470.92 


4360.23 




Change in area in 2009 as % of area in 2011 


SSA 


1.15 


-6.30 


-2.08 


-12.08 


2.26 


4.37 


LAC 


5.15 


-2.41 


-18.80 


8.18 


0.98 


24.74 


NAM 


-18.79 


1.56 


4.38 


13.50 


1.12 


11.82 


East Asia 


-5.27 


45.97 


-5.11 


-12.14 


7.99 


-2.85 


Oceania 


8.17 


-3.03 


8.50 


-32.67 


-120.69 


-5.00 


South Asia 


1.81 


-6.35 


-16.71 


-2.18 


15.98 


3.11 


SE Asia 


7.65 


-44.41 


-4.34 


9.52 


63.11 


-25.69 


East Europe 


-23.19 


-7.43 


42.44 


2.60 


-22.28 


35.47 


West Europe 


-14.34 


5.86 


7.51 


5.22 


0.82 


-1.59 


Total 


-5.65 


-2.10 


3.24 


-0.03 


2.08 


1.46 



Notes 1 % change in area = * 100 

SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East 

and North Africa; SE South East 

See Appendix for countries in each region 

Source MODIS data 



Total Economic Value Data 

We derive the TEV from the economics of ecosystems and biodiversity (TEEB) 
database, which is based on more than 300 case studies — reporting more than 1350 
ES values (de Groot et al. 2012). The spatial distribution of the terrestrial biome 
studies is shown in Fig. 6.6. Studies on coastal, coastal and inland wetlands, coral 
reefs, freshwater, and marine are excluded in accordance to our study’s focus on the 
seven major terrestrial biomes. It is clear that the studies are well-distributed even in 
SSA. Areas with limited coverage include Russia, central Asia and NENA. 
However, there are few studies conducted in these regions that will serve as rep- 
resentative of the regions. Due to a large variation of the data source and methods 
used, data were standardized to ensure that the reported values are comparable. The 
criteria used for including studies were: the study has to be original, i.e., not based 
on literature review; reported value of ES value per ha for specific biome and 
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Global changes 
in shrubland 



Static Shrubland 



Global changes 
In forest cover 



Othar to Forast 
Static Forast 
Forast to Othar 



Global changes 
in cropland 

! Othar to Cropland 
_J Static Cropland 
Cropland to Othar 



Fig. 6.4 Change of extent of shrubland, forest and cropland, 2001-09. Source Calculated from 
MODIS land cover data 



specific time period, valuation method is included, and surface area studied is 
reported (de Groot et al. 2012). Only 665 of the 1350 case studies met these 
conditions (de Groot et al. 2012). 

The data were converted to 2007 US$ to allow value comparison across time. 
One of the major weaknesses of the ES values included in the database was the 
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Fig. 6.5 Change of extent of woodlands, grassland and barren land, 2001-09. Source Calculated 
from MODIS land cover 



wide variation of the ES values. For example value of tropical forests ranges from 
less than US$1 to US $94 12/ha/year. Likewise, the value of grasslands varies from 
less than US$1 to US$ 6415/ha/year. De Groot et al. (2012) attribute the wide 
variation to five major reasons (i) locations attach different values to different biome 
ES (ii) different valuation methods were used but over 60 % used annual TEV 
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Table 6.7 Sources of 
cropland expansion 



Source 


SSA 


East Asia 


Oceania 


South Asia 




Percent contribution 


Forest 


19 


17 


36 


36 


Grassland 


18 


20 


18 


11 


Shrubland 


37 


19 


29 


20 


Bare 


4 


1 


1 


1 


Woodlands 


22 


43 


16 


33 



Note Includes regions that experienced cropland area expansion 
reported in Table 6.6 




Fig. 6.6 Location of TEEB database of terrestrial ecosystem service valuation studies. Source 
Derived from TEEB database, the TEV of the five major biomes is shown below 



(Table 6.8) (iii) different sub-biomes were considered in different studies (iv) attri- 
bution of ES values to different services, which could lead to double-counting when 
ES are aggregated and (v) ES values are time specific (e.g. see Costanza et al. 
2014 ). 

Additionally, most studies used did not exhaustively cover all ES and therefore 
the average values reported are conservative estimates of the total value (Ibid). To 
address this problem, we only included studies that used TEV. 



TEV and Double-Counting Challenge 

Double counting — i.e., assigning value of an ecosystem service at two different 
stages of the same process providing human welfare is a common problem in 
ecosystem valuation using TEV approaches. The potential for double-counting is 
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Table 6.8 Analytical 
methods of terrestrial biome 
ES evaluation 



Analytical method 


# of studies 


% 


Annual 


827 


63.5 


Benefit Transfer 


165 


12.7 


Direct market pricing 


100 


7.7 


Net Present Value 


56 


4.3 


Total Economic Value 


46 


3.5 


Contingent Valuation 


25 


1.9 


Avoided Cost 


21 


1.6 


Replacement Cost 


20 


1.5 


Others 


42 


3.2 


Total 


1302 


100.0 



Others include: Capital/stock value, factor income/production 
function, group valuation, hedonic pricing, marginal value, 
mitigation and restoration cost, one time payment/WTP, PES 
and present value 

Source Compiled from TEEB database 



hard to completely rule out due to the complex interlinkages of ecosystem services 
and processes (Fu et al. 2011). For instance if there are pollination services value of 
forest (or other biomes) these are certainly reflected in the value of crop harvests 
and hence adding them up is a double counting. The same applies to nutrient 
cycling, disease and climate regulation, flood and erosion regulation, etc. The 
potential for double-counting leads to overestimation of the cost of land 
degradation. 

de Groot et al. (2012) use different standardization methods to address these 
issues. These include assigning value to final products of regulating and supporting 
services (Fisher et al. 2008). Other measures used to avoid and/or reduce 
double-counting include: Use case studies with consistent ES classification systems 
and selecting annual TEV valuation methods which are widely used in the ES 
literature (Fu et al. 2011). 



Comparison of TEV of Biomes Across Studies 
and with Conventional GDP 

Comparison of the TEEB average ES values with Chiabai et al. (2011) and CBD 
(2001) — both of which are global studies — reveal that TEEB average values are 
lower (e.g. see Fig. 6.7). Chiabai et al. (2011) value of tropical forests is about 
10,000/ha/year compared to about US$5000 for TEEB and US$6000 for CBD 
value (Fig. 6.7). TEEB’s value for temperate forests is the highest however but 
comparable to the value reported by Chiabai et al. (2011). Hence even though we 
believe that the values used are conservative, the values should be interpreted with 
these differences in mind. 
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Fig. 6.7 Comparison of TEV of tropical and temperate forests across three studies. Source 
Computed from CBD (2001), Chiabai et al. (2011), de Groot et al. (2012) 




Tropical forest Temperate forest Grasslands Woodlands 
■ TEV ■ Provisioning services 



Fig. 6.8 TEV of major biomes. Source de Groot et al. (2012) 



Figure 6.8 reports the average TEV of the major terrestrial biomes. Figure 6.8 
also reports the corresponding value of provisioning services to reflect the tradi- 
tional assessment of cost of land degradation that considered only provisioning 
services. In all cases, the TEV is more than twice the corresponding value of 
provisioning services. 

We compare the ecosystem value endowment and the corresponding GDP per 
capita of each country to reflect the large differences between the traditional val- 
uation methods that only takes into account tangible marketable services and the 
TEV approach. It can be easily seen that countries considered among the poorest 
have equivalent or greater TEV than high income countries (Figs. 6.9 and 6.10). For 
example, if TEV were used to group countries in three “income” groups, majority 
of SSA countries could be regarded as “middle-income” countries while majority of 
West European countries would fall in the “low-income” countries. North America, 
China, Russia, Australia and Brazil would fall in the “high income countries” 
largely due to their large land area and rich endowment of high-value biomes — 
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Fig. 6.9 Gross domestic product per capita, 2007 US$ 




Fig. 6.10 TEV endowment at country level in 2001 



namely forest or grasslands. Taking population into account but dropping coun- 
tries577 with fewer than one million people, only three countries (Australia, Canada 
and Russia) classified as high income countries are among the top 12 countries with 
highest per capita TEV of terrestrial biomes and the rest in list are low income 
countries with sparse population (Table 6.9). However, given that a large share of 
the TEV benefits of ecosystems cannot be internalized in the resident country, such 
endowment does not reflect the welfare of the people in the country or community 
around the biome. Never-the-less, the spatial distribution helps to determine where 
the world needs to concentrate its elfort to protect ecosystem services. 
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Table 6.9 Top 12 countries with highest per capita TEV of terrestrial biomes 



Country 


2007 GDP 
(billion US$) 


Per capita TEV 
(2007 US$ 000) 


Cost of land degradation 
(2007 US$ billion) 


Kazakhstan 


104.85 


21.52 


23.73 


Russia 


1299.71 


26.57 


193.98 


Papua New 
Guinea 


6.33 


29.12 


-0.04 


Central African 
Republic 


1.70 


33.96 


5.35 


Bolivia 


13.12 


43.36 


24.25 


Congo 


8.39 


43.82 


7.77 


Botswana 


10.94 


64.70 


3.15 


Mongolia 


4.23 


64.73 


18.96 


Canada 


1424.07 


72.83 


114.26 


Namibia 


8.81 


75.26 


14.72 


Australia 


853.86 


93.93 


117.97 


Gabon 


11.57 


110.94 


1.89 



Notes Countries with fewer than one million people are excluded 



Land Degradation on Static Cropland 

DSSAT Crop Simulation 

The DSSAT crop simulation baseline land management practices were based on a 
compilation of global dataset and literature review. Given that there is a large 
difference between irrigated and rainfed land management practices, both the 
baseline and ISFM scenarios for irrigated and rainfed systems are simulated sep- 
arately. In the irrigated simulation, a water management scenario is only applied to 
areas where water management is practiced. 

We compare the amount of nitrogen used in the DSSAT simulation (Table 6.10) 
and the corresponding application rate obtained from FAOSTAT data (Table 6.11 
and 6.12). We also compare the simulated and actual yield under irrigated and 
rainfed production systems. Table 6.9 shows that the average application rates of 
fertilizer in most regions is much lower than rates used in the DSSAT model. For 
example, while average application rate in SSA is 6 kgN/ha, it is 22 kgN/ha for 
rainfed maize. This large difference could be due to the fact that FAOSTAT 
nitrogen rate was computed by assuming that all cropland received fertilizer. 
Calibration of DSSAT model fertilizer rate assumed application rate at crop level, 
rather than entire cropland. However, FAO fertilizer application rate for each crop 
of the three crops considered in this study (maize, rice and wheat) is much higher 
than the corresponding average for all crops combined in each region (Table 6.9). 
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Table 6.10 Fertilizer application rates on cropland across regions 



Region 


Maize (KgN/ha) 


Rice (KgN/ha) 


Wheat (KgN/ha) 




Irrigated 


Rainfed 


Irrigated 


Rainfed 


Irrigated 


Rainfed 


SSA 




22.7 


134.5 


20.5 


100.0 


20.4 


LAC 


184.5 


44.7 


153.6 


40.9 




58.5 


NAM 






214.5 








East Asia 












59.7 


SE Asia 




31.2 


136.0 






80.0 


Oceania 




70.3 


184.5 






59.9 


South Asia 


147.4 


40.3 


154.1 






55.0 


East Europe 


60.0 




90.0 




60.0 


West Europe 


200.0 


150.0 






150.0 


59.6 


Central Asia 


147.5 




147.5 








NENA 


149.8 


60.0 


141.7 


20.0 


141.8 


60.0 


Total 


155.0 


37.3 


151.0 


37.2 


123.5 


42.8 



Note Empty cells imply that the production system is not applicable in the corresponding region 
SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East 
and North Africa; SE South East 
See Appendix for countries in each region 



Table 6.11 Application rate 
of Nitrogen used in DSSAT 
simulation 



Region 


N 


p 2 o 5 


K 2 0 


NPK 


Average application (2001-10) Kg/ha 


SSA 


6.04 


3.00 


1.83 


10.86 


NAM 


59.6 


21.1 


21.1 


101.8 


LAC 


29.7 


23.9 


23.0 


76.6 


South Asia 


82.3 


30.7 


12.6 


125.6 


South-east Asia 


60.2 


15.5 


22.3 


98.1 


East Asia 


254.5 


94.5 


44.4 


393.4 


Central Asia 


13.0 


3.1 


0.6 


16.7 


Oceania 


25.0 


31.0 


5.5 


61.6 


East Europe 


20.5 


6.5 


7.5 


34.5 


West Europe 


95.8 


26.8 


29.9 


152.5 


NENA 


42.2 


14.3 


3.7 


60.2 



Computed from FAOSTAT raw data 

SSA Sub-Saharan Africa; LAC Latina American countries; NAM 
North America; NENA Near East and North Africa; SE South 
East 

Note See Appendix for countries in each region 



For example application rate on maize and rice in north America is respectively 257 
and 184 kgNPK/ha while the equivalent average amount for all crops is only 
101 kgNPK/ha. The regional average may also mask the large differences within 
each region (Table 6.10). 
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Table 6.12 Application rate 
of NPK by crop 



Region 


Wheat 


Maize 


Rice 


kgNPK/ha 


NAM 


84 


257 


184 


LAC 


76 


67 


90 


West Europe 


213 


276 


279 


East Europe 


95 


40 


- 


USSR 


25 


294 


107 


Africa 


63 


55 


19 


Asia 


144 


117 


140 


World 


116 


136 


134 



Notes: NAM North America; LAC Latin American countries 
Source FAO (2006) 



Another challenge is to determine the adoption rate of ISFM in each country. We 
reviewed literature and used secondary data to determine adoption rate reported in 
Table 6.11. We then use the DSSAT simulation results at each pixel (half degree 
resolution) to determine the yield under ISFM and BAU scenarios and use the 
realistic adoption rates to determine the cost of land degradation on static cropland. 

The secondary data used to determine adoption rate of ISFM include household 
surveys in SSA and conservation agriculture data reported by AQUASTAT web- 
site. Conservation agriculture is the practice that has soil cover throughout the year, 
minimizes soil disturbance through minimum tillage and spatio-temporal diversi- 
fication of crops (Kassam et al. 2009; FAO 2008). Hence in countries with high 
fertilizer use, conservation agriculture could effectively mean ISFM since the crop 
residue component and crop rotation significantly increases soil carbon and yield. 
However, the impact of conservation agriculture on yield and profitability is 
heterogeneous (Pannell et al. 2014) but some of its components have been shown to 
have consistent positive impact. Zero tillage has been shown to significantly 
increase yield over long-term period in North America (Fulton 2010) and Australia 
(Llewellyn et al. 2012). Likewise, maize-legume rotation has been shown to 
increase yield of up to 25 % higher than monoculture (Brouder and 
Gomez-Macpherson 2014). Based on a global literature review, Palm et al. (2014) 
show that it increases biodiversity, topsoil organic matter and reduces soil erosion 
and runoff — leading to improved water quality. 

The global adoption rate of conservation agriculture is 124 million ha or 9 % of 
the global cropland (Friedrich et al. 2012), 87 % of which is in Argentina, Australia, 
Brazil, Canada, and US (Brouder and Gomez-Macpherson 2014). The adoption rate 
in SSA and South Asia is generally low (Pannell et al. 2014; Brouder and 
Gomez-Macpherson 2014). 

Due to the low adoption of conservation agriculture and fertilizer in SSA, 
conservation agriculture may not be equivalent to ISFM in the region. Hence we 
use household survey data to determine the adoption rate of ISFM in SSA. The 
average ISFM adoption rates in each region are reported in Tables 6.13 and 6.14. 
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Table 6.13 Adoption rates of SLM practices across regions 



Region 


Management practices 


Adoption rate 


SSA 


Low-cost, productivity enhancing 
land management practices 


3 % or 5 million ha on 191 million 
ha of cropland (Pender 2009) 


Global 

(Kassam et al. 
2009) 


Conservation agriculture 


10.2 


LAC 




37 


SSA 




0.7 


LAC 




26.6 


NAM 




20.6 


Pacific 




15.1 


East Europe 




1.7 


Central Asia 




5.7 


West Europe 




3.4 


NENA 




0.1 


East Asia 




10.0 



Note See Appendix for countries in each region 



Table 6.14 Adoption rates of inorganic and organic inputs and ISFM in SSA: Household survey 



Country 


ISFM 


Organic 

inputs 


Fertilizer 


Nothing 


Institution that collected data, data type 
and year survey conducted 




Adoption rate (percent) 




Mali 


18 


39 


16 


27 


Direction nationale de l’informatique 
(DNSI). Recensement general de 
T agriculture, 2004/2005 


Uganda 


0 


67.61 


0.96 


31.42 


Uganda Bureau of Statistics. Uganda 
national panel survey 2009/10 












Agriculture module 


Kenya 


16 


22.3 


17.44 


43.66 


ASDSP/KARI/UONa 












Kenya agricultural sector household 
baseline survey 


Nigeria 


1.28 


28.23 


23.31 


47.17 


IFPRI. Fadama III household survey, 
2012 


Malawi 


7.52 


2.77 


51.58 


38.14 


National Statistics Office. Third 
integrated household survey, 2010/11, 
agricultural module 


Tanzania 


0.56 


2.89 


0.58 


95.19 


National bureau of statistics. National 
panel survey, agriculture module 


Overall 
adoption 
rate (%) 


6.2 


19.1 


24.6 


49.8 





Notes: ASDSP Agriculture sector development support program; KARI Kenya Agricultural 
Research Institute; UON University of Nairobi 
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Results 

Table 6.15 and Fig. 6.11 report the loss of ecosystems due to LUCC. Table 6.15 
shows that the global annual average cost of land degradation due to LUCC was 
2007 US$230.76 billion/year or 0.4 % of the global GDP in 2007. If the cost of land 
degradation were a country’s GDP, it would be about the 8th richest country in the 
world. The total value of land degradation surpasses the GDP in 2007 of all 
countries in SSA. Figure 6.12 shows that SSA accounted for about 26 % of the cost 
of land degradation — underscoring the severity of land degradation in the region. 
Accordingly, the cost of land degradation is about 7 % of SSA’s GDP — the highest 
level in the world. However, measured as percent of ecosystem total economic 
value (1.24 %), SSA’s cost of land degradation is the second highest after NENA’s, 
which is about 1.62 %. NAM, Pacific and East and West Europe experienced the 
lowest TEV loss of ecosystem services. In the humid and subhumid regions — 
where land degradation is more pronounced than in the arid and semi-arid regions 
(Bai et al. 2008), the Pacific region did remarkably well (Table 6.15). The results in 



Table 6.15 Terrestrial ecosystem value and cost of land degradation due to LUCC 



Region 


GDP 


Ecosystem 

value 


% of 
TEV 


Cost of land degradation 


Cost of LD (TEV) as % 
of 


TEV 


Provisioning 
services only 


2007 US$ billion/year 


2007 US$ billion/year 


GDP 


TEV 
of ES 


Total 
cost of 

LD 


SSA 


879.15 


4844.17 


18.82 


60.290 


30.34 


6.86 


1.24 


26.13 


LAC 


3880.41 


5958.52 


23.15 


52.551 


22.31 


1.35 


0.88 


22.77 


NAM 


15904.3007 


3776.08 


14.67 


26.443 


13.48 


0.17 


0.70 


11.46 


East 

Asia 


10182.76 


1552.63 


6.03 


16.704 


5.87 


0.16 


1.08 


7.24 


Pacific 


1001.55 


1982.66 


7.70 


13.928 


8.90 


1.39 


0.70 


6.04 


South 

Asia 


1784.75 


1065.43 


4.14 


9.664 


2.55 


0.54 


0.91 


4.19 


SE Asia 


861.12 


562.02 


2.18 


5.793 


1.82 


0.67 


1.03 


2.51 


Central 

Asia 


180.4 


492.30 


1.91 


5.743 


12.58 


3.18 


1.17 


2.49 


West 

Europe 


17144.86 


684.37 


2.66 


5.252 


2.14 


0.03 


0.77 


2.28 


East 

Europe 


3023.14 


4180.28 


16.24 


23.957 


2.89 


0.79 


0.57 


10.38 


NENA 


2040.19 


643.99 


2.50 


10.436 


3.74 


0.51 


1.62 


4.52 


Global 


56882.69 


25742.44 


100 


230.761 


106.63 


0.41 


0.90 


100 



Notes: SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East 

and North Africa; SE South East 

See Appendix for countries in each region 

Source GDP — World Bank data, TEV and land degradation — authors 
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Fig. 6.11 Global cost of land degradation (2007 US$ billion), 2001-09 



West Europe and NAM are consistent with Costanza et al. (2014) who reported 
increasing forest cover in these regions. The results in Europe are also consistent 
with Environmental performance index (EPI) ranking, which ranks region’s per- 
formance in environmental health and ecosystem sustainability as highest in the 
world (EPI 2012). Nine of the countries with highest EPI ranking were European. 
European country with the lowest EPI ranking is Malta, which is the 87th of the 
total of 130 countries ranked. 4 



Who Bears the Burden of the Cost of Land Degradation? 

We compare the cost of land degradation by separating the ES losses into two major 
components: 

Provisioning services, which have direct impact on land users, and which 
account for the largest share of benefits that drive their decision making. This is the 
portion that has been used in many studies that do not use the TEV approach. 

The value of the rest of ecosystem services — regulating, habitat and cultural 
services. These ecosystem services include both global benefits — such as carbon 
sequestration and biodiversity — and indirect local benefit, that land users may not 
assign low priority in their decision making process. 

Figure 6.13 shows that loss of provisioning services account for only 38 % of the 
cost of land degradation — suggesting that the largest share of the cost of land 
degradation is borne by the global community. For example value of regulating 



4 Malta is included in the West Europe group in the EPI ranking but under NENA in this study. 
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g % of TEV ■ % of total cost of land degradation 

Fig. 6.12 Regional contribution of total economic value of terrestrial ecosystem services and cost 
of land degradation. Note See Appendix for countries in each region. SSA Sub-Saharan Africa; 
LAC 



services accounts for the largest share of total economic value (TEV) of both 
tropical and temperate forests (Fig. 6.14). Provisioning services account for the 
lowest or second lowest share of TEV of both tropical and temperate forest TEV 
(Fig. 6.14). Thus if land holders are managing forests, the value of provisioning 
services will play the biggest role in decision making while regulating services will 
be given a low priority despite its large value. This suggests that land degradation is 
a global problem that requires both global and local solutions. Some studies that 
have compared the local benefits for protected areas showed that the benefit of 
converting forests to small-scale farming was greater than the benefit local com- 
munities draw from protected forests in Cameroon (Yaron 1999) or to unsustain- 
ably harvest timber in Malaysia (Shahwahid et al. 1999). 



Fig. 6.13 Who bears the 
burden of the cost of land 
degradation? 




■ Loss of provisioning services 

■ Loss of regulating, habita & cultural services 
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Temperate forest Tropical forest - SSA Tropical forests - LAC 
a regulating ■ habitat * cultural * provisioning 



Fig. 6.14 Type of ecosystem services and their contribution to total value of forest biomes. Notes 
Average of total economic value (2007 US$) is 5264 (tropical forests) an 3013 (temperate forests). 
Source Calculated from TEEB database 



Cost of Land Degradation Due to Use of Land Degrading 
Practices on Cropland 



Table 6.16 shows that use of land degrading management practices in SSA on 
rainfed maize leads to a 25 % fall in yield compared to yield in the past 30 years. 
This is the highest loss of productivity of the cropland in the world. However, yield 
levels observed from the FAOSTAT shows an increase in yield in all regions for all 
crops in the corresponding periods simulated (Table 6.17). The reason for the 
inconsistency is that FAOSTAT yield includes yields from cropland expansion on 
forests and other virgin lands (Table 6.7) that is higher than yield on continuously 
cultivated cropland. Additionally, there has been an increase of fertilizer use and 
other inputs that mask the loss of productivity of land reflected in the simulation 
model (Le et al. 2014). The increase in use of fertilizer and improved technologies 
leads to higher yield despite the degraded lands. For example, Vlek et al. (2010) 
report land degradation in SSA. In NAM, East and West Europe and central Asia 
however, we see an increase in yield and consistent with the FAOSTAT yield trend. 
This could be a result of the higher use of fertilizer rates under BAU than yield 
under ISFM. But greater fertilizer use under BAU masks the environmental 
degradation due to eutrophication (enrichment of surface waters with plant nutri- 
ents) and other forms of water pollution (Glibert et al. 2006) that is not included in 
this study. 

For irrigated rice, we see a fall in yield in all regions — as expected — except in 
Central Asia (Table 6.18). Surprisingly, the largest loss is experienced in NAM 
followed by LAC. Losses in SSA are only 20 %, the fifth largest in the world. For 
rainfed wheat, we see a yield decline in all regions except South Asia, central Asia 
and Asia and pacific (Table 6.19). 

The cost of land degradation on static cropland is reported in Table 6.20 and is 
divided according to the components described in Eq. 6.2, i.e., loss of provisioning 
services and carbon sequestration under BAU and continuous cropping under ISFM. 
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Table 6.16 Change in rainfed maize yield under business as usual and ISFM — DSSAT results 



Maize 


BAU 


ISFM 


Yield change (%) 


Change due to 
degradation/ 
improvement (%) 


Baseline 


Endline 


Baseline 


Endline 


BAU 


ISFM 


Yield (tons/ha) 


% Ay = * ioo 

J yi 


%d = ^A* 100 
>2 


SSA 


2.2 


1.7 


2.5 


2.1 


-23.2 


13.9 


25 


LAC 


3.4 


3.1 


3.8 


3.6 


-10.5 


-6.7 


16 


NAM 


6.1 


6.4 


5.7 


6.2 


4.2 


10.1 


-2 


South Asia 


3.4 


3.1 


3.6 


3.4 


-9.3 


-5.8 


11 


Asia and 
Pacific 


4.4 


4.4 


4.5 


4.4 


1.4 


-0.4 


1 


East 

Europe 


3.3 


3.6 


2.7 


3.2 


7.8 


19.3 


-12 


Central 

Asia 


5.1 


5.5 


4.1 


4.9 


7.1 


18.3 


-11 


West 

Europe 


5.3 


5.6 


4.4 


5.1 


5.4 


15.6 


-9 


NENA 


4.4 


4.3 


4.0 


4.4 


-1.1 


7.9 


1 



Note Y1 = Baseline yield (average first 10 years); Y2 = Yield endline period (average last 10 years) 
y c 2 = ISFM yield in the last 10 years; y% = BAU yield, last 10 years 
See Appendix for countries in each region 

SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East and 
North Africa 



Table 6.17 Actual crop yield and change 



Region 


Maize 


Rice 


Wheat 




Baseline yield 
(Tons/ha) 


Change 

(%) a 


Baseline yield 
(Tons/ha) 


Change 

(%) a 


Baseline yield 
(Tons/ha) 


Change 

(%) a 


SSA 


1.28 


44.28 


2.38 


3.67 


1.88 


37.62 


LAC 


2.1 


94 


2.3 


93.6 


1.8 


43 


NAM 


6.8 


37.9 


6 


28.6 


2.3 


22.1 


East Asia 


3.9 


33.4 


5.3 


18.7 


2.9 


51.5 


Oceania 


1.5 


58.35 


3.3 


16.5 


1.4 


8.2 


South Asia 


1.4 


74.3 


2.3 


42.1 


1.8 


44.9 


SE Asia 


1.7 


101.6 


2.9 


36.5 


1.4 


15.3 


East Europe 


- 


- 


- 


- 


1.9 


31.1 


West Europe 


5.53 


37.4 


5.45 


11.55 


5 


11.73 


Central 

Asia b 


3.33 


53.2 


2.45 


30.6 


1.11 


35.1 


NENA 


3.47 


48 


4.47 


40.73 


1.7 


40.7 



Note a Change (% Ay) is computed % Ay = * 100 

b Baseline period for Central Asia is 1992-2001 and 1981-90 for the rest of regions. Endline for all regions is 
2001-10 



See Appendix for countries in each region 

SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East and North 
Africa; SE South East 
Source FAOSTAT raw data 
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Table 6.19 Change in rainfed wheat yield under business as usual and ISFM — DSSAT results 





BAU 


ISFM 


Yield change (%) 


Change due to 

degradation/ 

improvement 


Baseline 


Endline 


Baseline 


Endline 


%Ay = ^^* 100 
J y i 


%D = 100 

4 


SSA 


1.4 


1.2 


1.4 


1.3 


-15.2 


-10.7 


8 


LAC 


1.8 


1.6 


1.8 


1.7 


oo 

00 

1 


-6.7 


1 


NAM 


2.3 


2.2 


2.4 


2.2 


-7.7 


-6.3 


3 


South Asia 


1.4 


1.3 


1.3 


1.1 


00 

00 

1 


-11.8 


-12 


Asia and Pacific 


2.0 


1.8 


1.9 


1.8 


-6.1 


-5.6 


-1 


East Europe 


1.3 


1.1 


1.4 


1.2 


-10.9 


-9.7 


7 


Central Asia 


0.8 


0.8 


0.8 


0.8 


0.8 


2.2 


-7 


West Europe 


2.1 


2.0 


2.2 


2.1 


-7.7 


-7.2 


6 


NENA 


1.3 


1.2 


1.3 


1.2 


-7.7 


-4.9 


2 



Note Y1 = Baseline yield (average first 10 years); Y2 = Yield endline period (average last 10 years) 
y 2 = ISFM yield in the last 10 years; y 2 = BAU yield, last 10 years 
See Appendix for countries in each region 

SSA Sub-Saharan Africa; LAC Latina American countries; NAM North America; NENA Near East and North 
Africa 



The global cost of land degradation for the three crops is about US$56.60 billion per 
year (Table 6.20), of which, East and South Asia accounted for the largest share of 
loss. However when the loss is expressed as percent of GDP, South Asia experiences 
the most severe cost of land degradation on cropland. The cost of land degradation 
shown is generally low than what has been reported in other studies largely due to 
DSSAT’s assumption of much higher BAU fertilizer application rates. This reduces 
the actual cost of land degradation. Additionally, DSSAT assumes no salinity or soil 
erosion. This further demonstrates the underestimation of land degradation on static 
cropland. The total cost due to the loss of carbon sequestration accounts for 67 % of 
the total cost at global level — suggesting the cost of land degradation on static 
cropland is borne more heavily the global community than the farmers. The results 
also underscore the great potential of ISFM in carbon sequestration. 

The three crops account for about 42 % of the cropland in the world. If all 
cropland is assumed to experience the same level of degradation, the total cost of 
land degradation on cropland is about 0.25 % of the global GDP. 

As discussed in the introduction section, our estimates are conservative since we 
do not take into account other costs of land degradation. For example we do not 
include off-site cost of pesticide use, which are quite high. Pimental et al. (1995) 
estimated that the environmental and social costs were about US$8 billion per year, 
of which $5 billion are external social costs. The social costs considered were 
human health and the environmental effects were, pest resistance, loss of natural 
enemies, groundwater contamination, and loss of pollinating insects and other 
agents (Ibid). 

We also do not consider the point and nonpoint pollution of inorganic fertilizer 
that leads to eutrophication and other forms of surface and underground water 
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Table 6.20 Cost of soil fertility mining on static maize, rice and wheat cropland 



Region 


Cost of land 
degradation (2007 
US$) due to 


Type of ecosystem loss 


Total 

cost 


Cost of LD 
as % of 

GDP 


BAU 


Continuous 

ISFM 


Provisioning 

services 


C0 2 sequestration 


BAU 


continuous 

ISFM 


SSA 


0.689 


0.126 


0.815 


1.604 


0.947 


3.367 


0.38 


LAC 


0.433 


0.194 


0.627 


2.006 


2.015 


4.648 


0.12 


NAM 


0.275 


0.165 


0.44 


5.00 


1.013 


6.453 


0.04 


East Asia 


4.331 


0.244 


4.575 


7.071 


1.708 


13.354 


0.13 


Oceania 


0.03 


0.045 


0.075 


0.365 


0.47 


0.909 


0.09 


South Asia 


4.724 


0.5 


5.224 


4.541 


4.093 


13.858 


0.78 


SE Asia 


1.439 


0.22 


1.659 


0.516 


1.651 


3.827 


0.44 


East Europe 


0.144 


0.034 


0.178 


3.045 


0.275 


3.498 


0.12 


West Europe 


0.16 


0.027 


0.187 


1.872 


0.161 


2.219 


0.01 


Central Asia 


0.007 


0.004 


0.011 


0.257 


0.076 


0.344 


0.19 


NENA 


0.261 


0.04 


0.301 


3.373 


0.448 


4.122 


0.20 


Total 


12.493 


1.599 


14.092 


29.651 


12.856 


56.599 


0.10 



Note See Appendix for countries in each region 

SSA Sub-Saharan Africa; LAC Latin American countries; NAM North America; NENA Near East and North 
Africa; SE South East 
Source Authors 



pollution. About 47 % of nitrogen applied is lost annually to the environment 
through leaching, erosion, runolf, and gaseous emissions (Roy et al. 2002). 
Agriculture is the leading cause of eutrophication and other forms of freshwater 
pollution (Ongley 1996). Pretty et al. (2003) estimated the cost of eutrophication in 
the United Kingdom to be about £75.0-114.3 million or 2003 US$ 127 to 
193 million and 2.2 billion in US (Dodds et al. 2003). Another study estimated that 
water pollution costs from agriculture in the United Kingdom is US$14 1-300 mil- 
lion per year or about 1-2 % of the value of gross agricultural output (DEFRA 2010; 
Pretty et al. 2003). At a global level, Dodds et al. (2013) estimated the loss of 
freshwater ecosystems due to human activities is 2013 US$900 billion per year. In 
general, our estimates are conservative due to the limitation of the crop modeling 
used and future studies are required to take into account the gaps in this study. 



Cost of Land Degradation on Grazing Biomass 



The cost of land degradation on grazing land that takes into account only loss of 
milk and meat production is about 2007US$7.7 billion (Table 6.21). As discussed 
in Chap. 8, loss of milk production accounts for the largest share of total cost. NAM 
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Table 6.21 Cost of loss of milk and meat production due to land degradation of grazing biomass 



Regions 


Milk 


Meat 


Total 


Gross total 


Percent of total cost 




2007 US$ Million 




SSA 


1018.02 


127.26 


1145.28 


1489.46 


15 


LAC 


1082.78 


82.46 


1165.23 


1494.67 


15 


NAM 


2633.68 


283.49 


2917.17 


3495.73 


38 


East Asia 


13.62 


5.08 


18.70 


22.66 


0 


Oceania 


336.75 


190.33 


527.08 


565.25 


7 


South Asia 


16.00 


0.90 


16.90 


21.54 


0 


SE Asia 


156.76 


2.30 


159.05 


178.11 


2 


East Europe 


271.44 


364.11 


635.55 


360.92 


8 


West Europe 


586.93 


252.10 


839.03 


941.58 


11 


Central Asia 


102.51 


6.63 


109.14 


126.38 


1 


NENA 


15.07 


113.80 


128.88 


42.71 


2 


Global 


6233.56 


1428.45 


7662.01 


8739.02 





Note: NAM North America, LAC Latin American Countries, SSA Sub-Saharan Africa, and NENA 
Near East and North Africa 



accounts for 38 % of the total cost due to the high productivity of livestock system 
in the region and the severe land degradation that occurred. Other regions that 
experienced severe grazing land degradation are SSA and LAC. 



Summary of Cost of Land Degradation 

Table 6.22 shows that the total cost of land degradation due to LUCC and use of 
land degrading management practices on static cropland and grazing land is about 
US$300 billion. LUCC accounts for the largest of total cost of land degradation. 
This is largely due to its broader coverage of biomes and ecosystems services. 
Likewise, SSA and West Europe respectively accounts for the largest and smallest 
share of the global total cost of land degradation. 

We now turn to cost of action against land degradation in order to determine 
whether action could be justified economically. As Nkonya et al. (2013) note, an 
action against land degradation will be taken if the cost of inaction is greater than 
the cost of taking action. 



Cost of Action Against land degradation 

We computed the cost of taking action against land degradation using Eq. (6.5). 
The components of taking action against land degradation, namely the cost of 
establishing and maintaining degraded biome, and the opportunity cost of taking 
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Table 6.22 Summary of cost of land degradation 



Region 


Type of land degradation 


Total cost of LD 


Cost of LD as 
percent of 


LUCC 


Use of land degrading 
management practices on: 


Cropland 


Grazing lands 


2007 US$ billion 


GDP 


Total cost 


SSA 


60.29 


3.367 


1.49 


65.15 


7.4 


22.0 


LAC 


52.551 


4.648 


1.49 


58.69 


1.5 


19.8 


NAM 


26.443 


6.453 


3.50 


36.39 


0.2 


12.3 


East Asia 


16.704 


13.354 


0.02 


30.08 


0.3 


10.2 


Pacific 


13.928 


0.909 


0.57 


15.40 


1.5 


5.2 


South Asia 


9.664 


13.858 


0.02 


23.54 


1.3 


8.0 


SE Asia 


5.793 


3.827 


0.18 


9.80 


1.1 


3.3 


East Europe 


23.957 


3.498 


0.36 


27.82 


0.9 


9.4 


Central Asia 


5.743 


2.219 


0.94 


8.90 


4.9 


3.0 


West Europe 


5.252 


0.344 


0.13 


5.72 


0.0 


1.9 


NENA 


10.436 


4.122 


0.04 


14.60 


0.7 


4.9 


Global 


230.761 


56.599 


8.74 


296.10 


0.5 





Note: LD Land degradation 
Sources Tables 6.15, 6.20 and 6.21 



action — are explained in detail in the methods section. This section only presents 
the results. To completely rehabilitate land degradation due to LUCC in all regions, 
a total of US$4.6 trillion will be required in 6 years (Table 6.22). But if action is not 
taken to rehabilitated degraded lands, the world will incur a loss of US$14 trillion 
during the same. 

During the entire 30-year planning horizon, the cost of action is at most 34 % of 
the cost of inaction. The opportunity cost accounts of taking action accounts for 
over 90 % of the total cost of action in the first 6 years in all but one region 
(NENA). This suggests there is a large opportunity cost of taking action against 
land degradation and such opportunity cost explains the economic rationale of land 
degradation for private land users. Over the 30 year planning horizon, the cost of 
action falls dramatically once the opportunity cost is dropped at the establishment 
period. 5 This means it is the establishment period that matters most and not the rest 
of the planning horizon (Table 6.23). 

The returns to taking action against land degradation are quite high. In the first 
6 years, land users will get at least US$2 for every dollar they spend on rehabili- 
tating degraded lands. At the end of land user’s 30-year planning horizon, the 



5 Please see discussion in the methods section on why the opportunity cost is dropped at the end of 
the establishment period. 
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Fig. 6.15 Cost of action against land degradation, 30-year planning horizon 



returns to taking action against land degradation increases to at least US$3 for each 
dollar invested. If we ignore the opportunity cost and consider only the actual cost 
incurred by land users to address land degradation, the returns are at least US$27 
per dollar invested (Table 6.23). The results suggest that the large returns to 
investment in addressing land degradation but also raise important question as to 
why many land users do not take action despite the high returns. The chapter on 
drivers of land degradation addresses this question. 

The global distribution of the cost of taking action against land degradation 
(Fig. 6.15) is consistent with the pattern revealed in the cost of land degradation 
(Fig. 6.11). 

Contrary to Bai et al. (2008), land degradation is severe in both temperate and 
tropical regions. However the corresponding cost of taking action is highest in high 
income countries due to their high value of land and labor costs and other factors 
discussed by Benitez et al. (2007). Country-level cost of taking action against land 
degradation are highest in North America, Russia, China, Australia Brazil and 
Argentina. However, regional analysis show that SSA contributes the largest share 
(17 %) of cost of taking action against land degradation (Fig. 6.16) despite having 
the small unit cost of biome restoration (Sathaye et al. 2006). This is due to the 
extent and severity of land degradation in the region. East Europe, North America 
and LAC also contribute large shares of cost of taking action against land degra- 
dation while West Europe, NENA and Central Asia contribute smallest shares. The 
results underline the global nature of land degradation and the corresponding cost of 
taking action to address the problem and where large costs are expected to be 
incurred. 
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Fig. 6.16 Regional cost of 
taking action against land 
degradation 




Conclusions and Policy Implications 

Land degradation is a global problem that requires both local and global policies 
and strategies to address it. The global community bears the largest share of land 
degradation while the local land users where biomes are located bears a smaller 
share of the cost. As expected, the cost of taking action against land degradation is 
lower than the cost of inaction even when one considers only the first 6 years of 
rehabilitation. Returns to investment in action against land degradation is at least 
twice the cost of inaction in the first six years. But when one takes into account the 
30-year planning horizon, the returns are five dollars per dollar invested in action 
against land degradation. The opportunity cost of taking action accounts for the 
largest share of the cost and this contributes to inaction in in many countries. 
Furthermore, the prices of land (and shadow prices) are expected to increase as the 
world gets wealthier and more crowded moving from 7 to 9 billion in the coming 
generation. Any further degradation of land and soils will increase even more with 
the increase of the value of the degraded resources. 

Strategies should be developed that give incentives to better manage lands and 
reward those who practice land management that provide significant global 
ecosystem services. The payment for ecosystem services (PES) mechanisms that 
saw large investments in carbon markets should be given a new impetus to address 
the loss of ecosystem services through land use/cover change (LUCC) which 
accounts for the largest cost of land degradation. 

SSA accounts for the largest share of land degradation and the corresponding 
cost of action. The global community needs to pay greater attention to addressing 
land degradation in SSA, since the region accounts for the largest share of total 
value of ecosystem services and that its highest level of poverty and other chal- 
lenges reduces its capacity to achieve United Nations Convention to Combat 
desertification (UNCCD)’s target of zero net land degradation by year 2030. The 
new strategies need to learn from past success stories and failed projects. There are 
success stories that have proven that even poor farmers could practice sustainable 
land management practices. The case of Niger and the re-greening of the Sahel 
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demonstrates this. The top-down programs implemented in developing countries 
prove that they rarely work. 

The extent of land degradation high cost of taking action against land degra- 
dation in high income countries also requires greater attention. However, the large 
endowment of financial and human capital and greater government effectiveness 
give the high income a greater opportunity to achieving UNCCD’s target of zero net 
land degradation by year 2030. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
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Appendix 

Countries, Sub-regions and Regions 



Central Africa 


Caribbean countries 


East Asia 


East Europe 


Central Asia 


Cameroon 


Puerto Rico 


Macao 


Kosovo 


Kyrgyzstan 


Gabon 


Cayman Islands 


Hong Kong 


Armenia 


Azerbaijan 


Equatorial 

Guinea 


Dominica 


China 


Ukraine 


Uzbekistan 


Central 
African Rep. 


Bahamas 


South Korea 


Iceland 


Turkmenistan 


Sao Tome and 
Principe 


Saint Vincent and 
the Grenadines 


Mongolia 


Slovakia 


Tajikistan 


DRC 


Cuba 


Taiwan 


Slovenia 


Kazakhstan 


Congo 


Turks and Caicos 
Islands 


North Korea 


Poland 


NENA 


Eastern 

Africa 


Dominican 

Republic 


Japan 


Belarus 


Lebanon 


Eritrea 


Guadeloupe 


Pacific/Oceania 


Croatia 


Jordan 


Burundi 


Barbados 


Niue 


Hungary 


Morocco 


Kenya 


Haiti 


Tuvalu 


Latvia 


Malta 


Ethiopia 


French Guiana 


Papua New Guinea 


Czech 

Republic 


Syria 


Uganda 


Jamaica 


Tonga 


Lithuania 


Tunisia 


Somalia 


Antigua and 
Barbuda 


New Zealand 


Romania 


West Bank 


Sudan 


Montserrat 


Fiji 


Albania 


Algeria 


Rwanda 


Belize 


French Polynesia 


Montenegro 


Libyan Arab 
Jamahiriya 


Djibouti 


Saint Helena 


Guam 


Czechoslovakia 


Cyprus 
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(continued) 



Central Africa 


Caribbean countries 


East Asia 


East Europe 


Central Asia 


Indian Ocean 


Saint Kitts and 
Nevis 


Micronesia 


Bulgaria 


Israel 


Mayotte 


Guyana 


Marshall Islands 


Yugoslavia 


Western 

Sahara 


Comoros 


Anguilla 


Samoa 


Bosnia and 
Herzegovina 


Egypt 


Mauritius 


Suriname 


Cook Islands 




Gibraltar 


Madagascar 


Grenada 


Palau 


Russia 


UAE 


Seychelles 


Netherlands 

Antilles 


Wallis and Lutuna 
Islands 


Macedonia 


Turkey 


Reunion 


Martinique 


Kiribati 


Estonia 


Yemen 


Southern 

Africa 


British Virgin 
Islands 


New Caledonia 


Serbia and 
Montenegro 


Iraq 


Botswana 


Trinidad and 
Tobago 


Vanuatu 


Georgia 


Kuwait 


Malawi 


Bermuda 


Solomon Islands 


Modova 


Qatar 


Zambia 


Saint Lucia 


Northern Mariana 
Islands 


Serbia 


Palestinian 

Territory 


Namibia 


Aruba 


Pitcairn Islands 


West Europe 


Afghanistan 


Zimbabwe 


Central America 


American Samoa 


Isle of Man 


Saudi Arabia 


Angola 


Honduras 


Norfolk Island 


Belgium 


Oman 


Lesotho 


Costa Rica 


Tokelau 


Norway 


Pakistan 


Mozambique 


Nicaragua 


Pacific Islands Trust 
Territory 


Andorra 


Bahrain 


South Africa 


El Salvador 


Australia 


Saint Pierre and 
Miquelon 


Iran 


Swaziland 


Guatemala 


Southern Asia 


United 

Kingdom 




Tanzania 


Mexico 


Nauru 


Greece 




Western 

Africa 


Panama 


India 


Liechtenstein 




Chad 


North America 


Sri Lanka 


France 




Ghana 


Canada 


Nepal 


Sweden 




Sierra Leone 


US Virgin Islands 


Bhutan 


Ireland 




Gambia 


USA 


Maldives 


San Marino 




Burkina Laso 


Southern America 


Bangladesh 


MONACO 




Guinea-Bissau 


Chile 


Indonesia 


Netherlands 




Benin 


Colombia 


Viet Nam 


Greenland 




Cote d’Ivoire 


Lalkland Islands 
(Malvinas) 


Cambodia 


Portugal 




Mauritania 


Uruguay 


Philippines 


Luxembourg 
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Central Africa 


Caribbean countries 


East Asia 


East Europe 


Central Asia 


Guinea 


Argentina 


Lao People’s 

Democratic 

Republic 


Switzerland 




Mali 


Ecuador 


Timor-Leste 


Finland 




Togo 


Brazil 


Singapore 


Spain 




Senegal 


Bolivia 


Malaysia 


Denmark 




Nigeria 


Peru 


Brunei Darussalam 


Italy 




Niger 


Venezuela 


Thailand 


Channel 

Islands 




Liberia 


Paraguay 


Myanmar 


Faroe Islands 




Cape Verde 






Germany 










Austria 
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and Improvement 



Alisher Mirzabaev, Ephraim Nkonya, Jann Goedecke, 
Timothy Johnson and Weston Anderson 



Abstract Identification of factors catalyzing sustainable land management 
(SLM) could provide insights for national policies and international efforts to 
address land degradation. Building on previous studies, and using novel datasets, 
this chapter identifies major drivers of land degradation at global and regional 
levels. The findings of this study confirm the earlier insights in the literature on the 
context-specific nature of the drivers of land degradation. This context-dependence 
explains the previous contradictions in the literature on the effects of various 
socio-economic and institutional factors on land degradation. It also calls for the 
localized diagnostic of the drivers of land degradation. The drivers of land degra- 
dation are predominantly local, so actions to address them should be based on the 
understanding of the local interplay of various factors and how they affect land 
degradation. 
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Introduction 

Land degradation has occurred on about 30 % of global land area between 1982 and 
2006 (Chap. 4), resulting in substantial economic impacts on agricultural livelihoods 
and national economies (Chap. 6), especially in developing lower income countries. 
The drivers of land degradation are numerous, complex and interrelated (Nkonya 
et al. 2011; von Braun et al. 2013; Pender et al. 2009), with often context-dependent 
characteristics. Therefore, identification of the important drivers of land degradation 
is crucial for national and international efforts to reduce, and optimally, prevent land 
degradation and promote land restoration and improvement. Based on this problem 
definition, this chapter seeks to answer the following research question: what are the 
major drivers of land degradation at the global and regional levels? 

While answering this research question, the present study intends to make the 
following contributions. Many previous studies have used raw values of the 
Normalized Difference Vegetation Index (NDVI) as a proxy for land degradation 
(Nkonya and Anderson 2014; Nkonya et al. 2011). These raw values may be sig- 
nificantly biased by such factors as rainfall dynamics (Bai et al. 2008) and atmospheric 
or chemical fertilization (Vlek et al. 2010). This chapter uses a new global dataset of 
land degradation hotspots (Le et al. 2014, Chap. 4) as its dependent variable, which 
corrects for the above mentioned sources of potential biases. Moreover, many pre- 
vious studies at the global level (cf. Nkonya et al. 2011 for a review) explore the 
drivers of land degradation by grouping countries within geographic regions, i.e. 
Sub-Saharan Africa, Asia, etc. However, the same geographic region may contain 
countries with very differing conditions. For example, Asia contains both Japan and 
North Korea, putting such very different countries together may make the results more 
ambiguous. A more theoretically motivated approach would be to run sub-global 
regressions for groupings of countries with similar socio-economic, agro-ecological 
and institutional features. The study makes use of such a country clustering 
(Table 7.8), developed in Nkonya et al. (2013) and Chap. 2, by making the sub-global 
regressions more easily interpretable along the major socio-economic and institu- 
tional characteristics of the countries. Furthermore, the dependent variable in the 
present study includes not only degraded and non-degraded categories, but also a 
category designating areas where land improvement has occurred. Most previous 
studies confound improved areas with non-degraded areas. To illustrate, land 
degradation is often considered under dichotomous representation whether land 
degradation has occurred or not (e.g. usually using a dummy variable with categories 0 
— land degradation, and 1 — no land degradation). However, this ignores the fact that 
the “no land degradation” category consists of two distinct groups: one group where 
there has been no change in land quality, and the second group where land quality has 
improved. The present study disentangles “no land degradation” and “land 
improvement” as two distinct categories. Fourthly, we seek to further minimize 
potential omitted variable bias by including some relatively new global level datasets, 
such as night time lighting intensity series (Elvidge et al. 2001), which were found to 
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be good proxies of institutional development and poverty (Ebener et al. 2005; Sutton 
et al. 2007; Michalopoulos and Papaioannou 2013). Moreover, the inclusion of 
regional, country, and agro-ecological zone fixed effects also minimizes the omitted 
variable bias. Finally, previous work is challenged by the endogeneity of some of the 
variables in the global models; the present study makes a step forward in addressing 
this issue. 



Literature Review 

The causes of land degradation are numerous and complex (Table 7.1). Quite often, 
the same causal factor could lead to diverging consequences in different contexts 
because of its varying interactions with other proximate and underlying causes of land 
degradation. 

The effects of proximate drivers of land degradation — such as topography, cli- 
mate, and soil characteristics — are well understood as causes of land degradation 
and there is a broad consensus about their causal mechanisms. For example, steeper 
slopes are more vulnerable to water-induced soil erosion (Wischmeier 1976; 
Voortman et al. 2000) and soils with high silt content are naturally more prone to 
degradation (Bonilla and Johnson 2012). There are also a large number of available 
SLM technologies developed to address soil and land degradation (Liniger and 
Schwilch 2002; Liniger and Critchley 2007). However, there is an on-going debate 
on the role of various underlying drivers of land degradation (von Braun et al. 2013; 
Nkonya et al. 2011) and why many existing SLM technologies are not adopted by 
landusers (for example, Pender et al. 2009, for Central Asia). For instance, as 
summarized in Mirzabaev et al. (2015), some well-known points of debate on the 
drivers of land degradation include: whether higher population causes land 
degradation (Grepperud 1996), or leads to SLM (Tiffen et al. 1994); whether 
poverty is a primary driver of land degradation (Way 2006; Cleaver and Schreiber 
1994; Scherr 2000) or not (Nkonya et al. 2008); and whether higher market access 
leads to SLM (Pender et al. 2006), or to land degradation (Scherr and Hazell 1994). 
Table 7.1 elaborates on these underlying drivers and on the theoretical intuitions 
behind their cause-and-effect mechanisms. 

The conclusions reached have been quite diverse and often contradicting 
depending on the datasets used, methodologies applied, timeframes considered, and 
locations studied (Mirzabaev et al. 2015). The purpose of the present analysis is not to 
give the final word on this debate: the nature of available datasets and of method- 
ological challenges would not allow it. However, our objective is to bring the debate a 
step forward, both by using more advanced datasets which became available at this 
scale relatively recently and through methodological upgrades to the previous studies. 

The diversity of the results implies that targeting one underlying factor is not, in 
itself, sufficient to address land degradation. Rather, a number of underlying and 
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Table 7.1 Proximate and underlying drivers related to land degradation and their potential 
cause-effect mechanisms (selective) 



Drivers 


Type 


Examples of causality 


References 


Topography 


Proximate and 
natural 


Steep slopes are vulnerable 
to severe water-induced 
soil erosion 


Wischmeier 

(1976), 

Voortman et al. 
(2000) 


Land cover 
change 


Proximate and 
natural/ anthropogenic 


Conversion of rangelands 
to irrigated farming with 
resulting soil salinity. 
Deforestation 


Gao and Liu 
(2010), Lu et al. 
(2007) 


Climate 


Proximate and 
natural 


Dry, hot areas are prone to 
naturally occurring 
wildfires, which, in turn, 
lead to soil erosion. Strong 
rainstorms lead to flooding 
and erosion. Low and 
infrequent rainfall and 
erratic and erosive rainfall 
(monsoon areas) lead to 
erosion and salinization 


Safriel and Adeel 
(2005), Barrow 
(1991) 


Soil erodibility 


Proximate and 
natural 


Some soils, for example 
those with high silt 
content, could be naturally 
more prone to erosion 


Bonilla and 
Johnson (2012) 


Pest and 
diseases 


Proximate and 
natural 


Pests and diseases lead to 
loss of biodiversity, loss of 
crop and livestock 
productivity, and other 
forms of land degradation 


Sternberg (2008) 


Unsustainable 

land 

management 


Proximate and 
anthropogenic 


Land clearing, 
overgrazing, cultivation on 
steep slopes, bush burning, 
pollution of land and water 
sources, and soil nutrient 
mining are among the 
major causes of land 
degradation 


Nkonya et al. 
(2008, 2011), 
Pender and Kerr 
(1998) 


Infrastructure 

development 


Proximate and 
anthropogenic 


Transport and earthmoving 
techniques, such as trucks 
and tractors, as well as 
new processing and 
storage technologies, could 
lead to increased 
production and foster land 
degradation if not properly 
planned 


Geist and 
Lambin (2004) 



(continued) 
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Table 7.1 (continued) 



Drivers 


Type 


Examples of causality 


References 


Population 

density 


Underlying 


No definite answer 
Population density leads to 
land improvement 


Bai et al. (2008), 
Tiffen et al. 
(1994), Boserup 
(1965), 






Population density leads to 
land degradation 


Grepperud 

(1996) 


Market access 


Underlying 


No definite answer 
Land users in areas with 
good market access have 
more incentives to invest 
in sustainable land 
management 


Pender et al. 
(2006), 






High market access raises 
opportunity cost of labor, 
making households less 
likely to adopt 
labor-intensive sustainable 
land management practices 


Scherr and 
Hazell (1994) 


Land tenure 


Underlying 


No definite answer 
Insecure land tenure can 
lead to the adoption of 
unsustainable land 
management practices 


Kabubo-Mariara 

(2007) 






Insecure land rights do not 
deter farmers from making 
investments in sustainable 
land management 


Besley (1995), 
Brasselle et al. 
(2002) 


Poverty 


Underlying 


No definite answer 
There is a vicious cycle 
between poverty and land 
degradation. Poverty could 
lead to land degradation 
while land degradation 
could lead to poverty 


Way (2006), 
Cleaver and 
Schreiber (1994), 
Scherr (2000), 






The poor heavily depend 
on the land, and thus, have 
a strong incentive to invest 
their limited capital into 
preventing or mitigating 
land degradation if market 
conditions allow them to 
allocate their resources 
efficiently 


De Janvry et al. 
(1991), Nkonya 
et al. (2008) 
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Table 7.1 (continued) 



Drivers 


Type 


Examples of causality 


References 


Access to 
agricultural 
extension 
services 


Underlying 


No definite answer 
Access to agricultural 
extension services 
enhances the adoption of 
land management practices 


Clay et al. (1996) 
Paudel and 
Thapa (2004) 






Depending on the capacity 
and orientation of the 
extension providers, access 
to extension services could 
also lead to land-degrading 
practices 


Benin et al. 
(2007), 
Nkonya et al. 
(2010) 


Decentralization 


Underlying 


Strong local institutions 
with a capacity for land 
management are likely to 
enact bylaws and other 
regulations that could 
enhance sustainable land 
management practices 


FAO (2011) 


International 

policies 


Underlying 


International policies 
through the United Nations 
and other organizations 
have influenced policy 
formulation and land 
management 


Sanwal (2004) 


Non-farm 

employment 


Underlying 


Alternative livelihoods 
could also allow farmers to 
rest their lands or to use 
nonfarm income to invest 
in land improvement 


Nkonya et al. 
(2008) 



Proximate drivers are biophysical factors and unsustainable land management practices. 
Underlying drivers are social, economic and institutional factors that lead to unsustainable land 
management practices. See Chap. 2 for more detailed discussion 
Source von Braun et al. (2013) 



proximate factors need to be taken into account when designing policies to prevent 
or mitigate land degradation (ibid.). For the analysis of land degradation, it is 
necessary to explicitly model nonlinearities and interactions between the variables, 
and to address potential biases emanating from omitted variables and reverse 
causalities. It is likely that such diversity and contradictions will remain in future 
studies, since these contradictions may simply be reflecting the diverging and 
context-dependent causal interplays of factors affecting land management, i.e. the 
same factor (e.g. population pressure) may lead to land degradation or land 
improvement depending on its interactions with other factors (such as poverty, 
access to markets and extension, etc.) (ibid.). 
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Methods and Data 



This study is guided by the ELD conceptual framework presented in Chap. 2. 
The ELD conceptual framework classifies the drivers of land degradation into two 
categories: (1) proximate and (2) underlying (Table 7.2). Biophysical factors, such 
as precipitation, agro-ecological zones, land use and land cover, are classified as 
proximate drivers. Whereas such socio-economic and institutional factors as rule of 
law, land tenure security, GDP per capita, and infant mortality rates, are classified 
as underlying drivers of land degradation. The econometric model to identify the 
drivers of land degradation is specified as follows: 



P(SLM = 0|*i,x 2 ,z) = - (01*1 +02*2 + 03*0] 

P(SLM = l|xi,x 2 ,z) = ^2 - (01*1 +02*2 + /Mi)] - ®ll*l - (01*1+02*2 + 03 Zi)} 
P(SLM = 2 1*1, * 2 , z) = 1 - <&{n 2 - (0^1 +02*2 +0 3 Z/)] = O(0!*x +02*2 + 0 3 Zf - H 2 ) 

(7.1) 

where, of land degradation (e.g. precipitation, length of growing period, land 
cover/use); density, GDP per capita, land tenure security, rule of law, etc.); 

SLM a categorical variable, where, 0 — land degradation, 1 — no change, 2 — land 
improvement, with the baseline in 1982-84 and the endline in 2004-06 
Xi a vector of proximate drivers of land degradation (e.g. precipitation, length 
of growing period, land cover/use); 

x 2 a vector underlying drivers of land degradation (e.g. population density, 
GDP per capita, land tenure security, rule of law, etc.); 

Zi vector of fixed effect variables, including administrative divisions (region, 
country, etc.); 

Pi, model constants; 

0(.) the standard normal cumulative distribution function. 

Taking into account that the dependent variable has three ordered categories, the 
present study uses an ordered probit model in the estimation. The ordered probit 
model assumes that a latent variable (not explicitly modeled above) underlying the 
state of land degradation is normally distributed, while the effects of the indepen- 
dent variables on the ordered outcomes are restricted to be monotonous. The 
coefficients are then estimated via the maximum likelihood (ML) method. As can be 
seen from the model equations, if the independent variables have a positive average 
effect on the probability that “land degradation” will be the outcome, they will 
unambiguously reduce the probability that “land improvement” will occur. 
Lormally, it means that if 
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Table 7.2 Description of the variables 



Variable name 


Description 


Source 


SLM: 

sustainable 

land 

management 


A categorical variable, where, 

0 — degraded land, 1 — no change, 
2 — improved land. The baseline 
1982-84 and the endline 2004-06 


Le et al. (2014), Chap. 4 of this 
volume 


Precipitation 


Total annual precipitation 

(mm) during the baseline period of 

1982-84 


Climate research unit (CRU), 
University of East Anglia, through 
Nkonya and Anderson (2014) 


AEZ 


Length of growing period (LGP). 
Categorized into six regions: LGP1: 
0-59 days, LGP2: 60-119 days, 
LGP3: 120-179 days, LGP4: 
180-239 days, LGP5: 240-299 days, 
and LGP6: more than 300 days 


Source: Alexandras (1995), through 
Nkonya and Anderson (2014) 


Distance to 
markets 


Travel time to urban areas with 
50,000 people or more. Most of the 
underlying data layers are from 
around baseline period or do not 
change over time 


Uchida and Nelson (2010), through 
Nkonya and Anderson (2014) 


Population 

density 


The data is for 1990. The data is only 
for one period because using the 
population density data for some later 
period as well could have an 
endogeneity problem with the 
dependent variable 


CIESIN (2010) 


Infant 

mortality rate 


Mortality of children below 5 years 
per 1000 of live births. Baseline: 
1982-82, endline: 2005 


Baseline: World development 

indicators, World Bank. Endline: 

Source: CIESIN 

http ://sedac . ciesin . Columbia, edu/ 

povmap 


GDP per capita 


Lor the baseline period of 1982-1984 


World development indicators, 
World Bank 


DMSP-OLS 
nighttime 
lights time 
series 


Remotely sensed intensity of night 
time lighting for 1992 (i.e. at the 
basic level shows the availability of 
electricity during the night time. 
Should not be confounded with 
natural day time brightness). Here 
used as a proxy for broad 
socio-economic development and 
availability of non-farm sector 


Image and data processing by 
NOAA’s National Geophysical Data 
Center. DMSP data collected by US 
Air Force Weather Agency, http:// 
ngdc.noaa.gov/eog/dmsp/ 
downloadV4composites.html 


Land tenure 
security 


Global Land Tenure Master 
Database. 2007. Has four categories: 
good — 1, moderate concern over the 
security of land tenure — 2, severe 
concern — 3, and extremely severe 
concern — 4. The database was 
developed in 2004-2006, based on 
subjective expert evaluations. 
Closeness to the endline period and 


USAID and ARD, Inc. (2008) 
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Table 7.2 (continued) 



Variable name 


Description 


Source 




subjective nature of the evaluation 
causes potential problems, 
specifically, endogeneity through 
reverse causality and measurement 
error. Though, theoretical reasons for 
the reverse causality with the 
dependent variable are thin, i.e. land 
degradation may not have affected 
the way experts evaluate the security 
of land tenure in a specific country. 
Despite these shortcomings, this is a 
very important variable that should 
rather be not missed in the model. 
Moreover, it is likely that the land 
tenure situation changes, in most 
cases, gradually, and this dataset also 
depicts well the baseline period 
(perhaps, except for Eastern Europe 
and the former USSR). To check for 
sensitivity of the results, we run the 
global regression with and without 
this variable to see any influence on 
other variables 




Rule of law 


“Perceptions of the extent to which 
agents have confidence in and abide 
by the rules of society, and in 
particular, the quality of contract 
enforcement” (Kaufmann et al. 

2010), property rights, the police, and 
the courts, as well as the likelihood of 
crime and violence, baseline of 
1996-1998, endline 2002-2004 


Worldwide Governance Indicators: 
http ://info .worldbank.org/ 
govemance/wgi/index.asp, through 
Nkonya and Anderson (2014) 


Land use/cover 


Globcover 2005-2006 data 
(interpretation should be only as 
association, not causality). The 
regressions are run with and without 
to see any biasing effects of this 
variable 


Bicheron et al. (2008) 



dP{SLM = 0) 

dxj 



= -Pj<Kn i— xp)<o 



it follows that 



dP(SLM = 2) 

dxj 



= W & P - Hi) > o 



(7.2) 



(7.3) 
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where </> denotes the standard normal density and Xp = p { x\ + /? 2 *2 + /? 3 z*. In 
contrast, it is generally not clear how the independent variables affect the proba- 
bility of the “no change” state. 



Data 

A major shortcoming of many previous global studies is that they do not address the 
endogeneity between dependent and explanatory variables. For example, poverty 
may lead to land degradation, but at the same time, land degradation may lead to 
poverty. If one does not account for such a reverse causality between the dependent 
and independent variables the model estimates will be biased. To avoid this 
problem, only variables corresponding to the baseline period (1982-1984) are used 
as explanatory variables in the model, i.e. the NDVI changes in the future could not 
have any causal effect on the past values of the explanatory variables (Table 7.2). 

However, not all variables are available for the period of 1982-1984, therefore 
some variables, such as night-time lighting intensity, are taken for the earliest year 
available, 1992 in this case. There is very little theoretical basis for concluding that 
land degradation would affect night time lighting intensity, but night time lighting 
intensity can serve as a proxy for some variables which affect land degradation 
(e.g., availability of non-farm sectors in the area). At the same time, the use of 
variables too close to the endline period is minimized, because then the econometric 
model would not make much sense, since the future cannot cause past: at best, any 
relationship would be associative, not causal (Table 7.2). 

NDVI has well-known limitations as a proxy for land degradation (Le et al. 
2014, Chap. 4). However, it can be a good estimate of global vegetation change 
over a long period of time. Le et al. (2014) address some of the caveats related to 
using raw values of NDVI by addressing potential distorting effects of rainfall 
dynamics, atmospheric and chemical fertilization (ibid). The comparison of land 
degradation results emerging from the work of Le et al. (2014) and the results of 
land degradation when raw NDVI values are used directly (Nkonya and Anderson 
2014), shows considerable and statistically significant discrepancies (Table 7.3). 

Both indicators agree on the land degradation status of 63 % of pixels 
(Table 7.3). However, they disagree on the remaining 37 %, especially concerning 
the location of degraded areas. The Le et al. (2014) database does not consider a 
pixel to be degraded if the NDVI value decreases by less than 10 %, as values less 
than 10 % are not distinguishable from expected measurement errors and noise in 
the NDVI dataset (Le et al. 2014). In 11 % of areas, the Le et al. (2014) dataset 
points at degradation, whereas the raw NDVI values do not show degradation. This 
is due to the fact that Le et al. (2014) also accounts for the masking effects of 
rainfall, atmospheric and chemical fertilization. For example, the soils may have 
been completely degraded, but application of chemical inputs may result in similar 
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Table 7.3 Comparison of land degradation by Le et al. (2014) with the one based on raw NDVI 
change used by Nkonya and Anderson (2014) 



Land degradation categories 


Nkonya and Anderson (2014) 


Degraded (%) 


Not degraded (%) 


Le et al. (2014), Chap. 4 


Degraded 


8 


11 


Not degraded 


25 


55 



Note Pearson chi 2 (l) = 1.5e+04 Pr = 0.000. The correlation coefficient 0.096 



levels of NDVI as before degradation. The overall coefficient of correlation between 
these two sets of land degradation indicators is 0.096, indicating that these datasets 
are very divergent. 

The descriptive statistics of the variables in the model are given in Table 7.4. All 
of the variables are in the pixel format (8x8 km 2 ). Some variables, such as rule of 
law, land tenure security, do not vary by pixel but vary by country. So in the case of 
these variables, the same value is attached to all the pixels within a single country. 

Most of the descriptive statistics in Table 7.4 are self-explanatory. However, 
some of the variables warrant more elaboration. Specifically, night time lighting 
intensity measures the luminosity of night time lighting emitted from the Earth 
surface during the night, i.e. this measures artificial night time lighting, and can 
serve as a proxy for the spread and magnitude of electricity use. The potentially 
distorting effect of the clouds, sun and moonlight interferences are excluded from 
the data. 1 The higher the number the brighter is the location. Number zero signifies 
a dark pixel during the night. The rule of law variable is an index number from the 
World Bank’s World Governance Indicators database. 2 The higher number means a 
better rule of law. Land tenure security variable varies between 1 and 4, with 1 
indicating good land tenure security and 4-extremely severe concern over land 
tenure security. 



Results 

The results of the analyses are presented in Tables 7.5, 7.6 and 7.7. The theoretical 
intuitions behind these findings are discussed on more detail further below after the 
presentation of the full results. 

Table 7.5 presents the global level findings. The model results are checked for 
robustness by testing several model specifications. The first is the full model, in 
which all variables described in the data section are included. The second model 
excludes the variables that are taken from periods closer to the endline period due to 



1 http://ngdc.noaa.gov/eog/gcv4_readme.txt. 

2 http : //info . woridbank. org/govemance/wgi/index . aspx#doc. 
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Table 7.4 Descriptive statistics of the variables used 



Variable 


Mean 


Standard 

deviation 


Median 


Min 


Max 


Precipitation, baseline (in mm) 


772 


660 


553 


1 


6901 


Population density, baseline 


37 


181 


2 


0 


35,662 


Distance to market (in 
minutes) 


1106 


1522 


463 


0 


27,584 


Night time lighting intensity 
1992 a 


1.19 


5.35 


0 


0 


63 


GDP per capita (in USD), 
baseline 


9365 


10,228 


2816 


0 


55,221 


Rule of law, baseline 


0.21 


1.11 


-0.24 


-2.19 


1.93 


Rule of law, change to endline 


-0.06 


0.22 


-0.07 


-1.08 


1.08 


Infant mortality rate, baseline 


41 


37 


26 


6 


171 


Infant mortality rate, change 


9 


16 


5 


-132 


146 


Land tenure security 


1.45 


0.92 


1 


1 


4.00 



a The urban areas are excluded from the analysis 



their unavailability for the baseline period (their interpretation being associative, not 
causal). The third model excludes country dummies, the fourth model is without 
squared terms, the fifth model is without interaction terms, and the last model is 
without change variables (i.e. those variables showing the change between the 
baseline and endline periods). The major finding of this sensitivity analysis is that 
the same results persist throughout the models, pointing at the robustness of the 
findings. This also shows that endogeneity or omitted variables are not likely to be 
an issue in the full model. The check for multicollinearity also shows no problem, 
with the overall variance inflation factor (VIF) being below 10, and even this is 
mostly driven by the presence of both level and squared terms. Since model 4, 
where the squared terms are excluded, does not give results different from the full 
model, it is concluded that multicollinearity is unlikely to have any tangible effects 
on the model results. For these reasons, below the results are interpreted based on 
the full model — our preferred specification. 

Most of the variables in the model are statistically significant at 1 % and the 
overall Pseudo R 2 of the full model is equal to 28 %. The key variables that 
positively influenced sustainable land management are precipitation and longer 
distance to markets, including when it interacted with crop production. However, 
the relationship between distance to markets and sustainable land management is 
concave, meaning that after a certain distance the effect levels out. Moreover, it is 
found that higher population density and more intense night-time lighting (a proxy 
for higher socio-economic development) is positively associated with higher land 
degradation, though in the case of night time lighting intensity the relationship is 
convex. However, the interaction of night time lighting intensity and higher 
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Table 7.6 Regression by major geographic regions 
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population density has a positive relationship with sustainable land management. 3 
Those areas which have both higher population and good socio-economic devel- 
opment 4 are found to be likely to manage their land resources more sustainably. 
Better rule of law is significant at 10 % and positively related to SLM in the full 
model. Another key variable found to be positively associated with SLM is secure 
land tenure. Those areas with serious and severe concerns over land tenure security 
are associated with land degradation. Among various land covers and uses, crop- 
land was found to be more associated with land degradation. Longer length of the 
growing period is found to lead to more land degradation. At the same time, the 
results do not find a statistically significant impact of GDP per capita. Of course, a 
lack of statistical significance does not mean a lack in significance of GDP per 
capita in general. In general, it would mean that lower GDP per capita, and hence, 
poverty, does not have to lead to land degradation. This finding is also corroborated 
by the fact that those countries with higher infant mortality rates (a classic proxy for 
poverty) in 1982-1984 have managed their lands more sustainably than those 
countries with lower infant mortality rates. Infant mortality rate is a strong proxy for 
poverty. These results signify that poorer locations are not necessarily associated 
with land degradation. The causal mechanism driving this could be that since 
dependence on agriculture and land is higher in poorer locations, landusers in these 
areas are more motivated to manage land sustainably (Nkonya et al. 2011). At the 
same time, it should be noted that those countries which made more progress 
towards reducing infant mortality during the studied period, also made more pro- 
gress in terms of sustainable land management. 

Table 7.5 presents the results of the regression run separately for major global 
regions. The sub-global regressions are broadly consistent with the global model 
results, even though there are some region-specific divergences. Precipitation, 
similarly, is positively associated with land improvement in all regions, except 
Asia. One potential explanation for this could be that Asia has much higher reliance 
on irrigated agriculture, with a lower role for rainfall in crop production. Population 
density has negative association with sustainable land management in Asia, Near 
East and North Africa (NENA) and Latin America and Caribbean (LAC). However, 
in other regions, the regressions do not show statistically significant results for the 
elfect of population density. The distance to markets has a concave relationship 
with SLM in all regions. The night time lighting intensity has convex relationship 
with SLM in most regions, except in Asia, where the relationship is concave. GDP 
per capita does not show statistical significance, but only in Sub-Saharan Africa 
(SSA) where it has a concave relationship with SLM. Similarly, better rule of law is 
positively related to SLM in SSA, but not in Europe. Those countries with higher 



3 Land degradation hotspots database by Le et al. (2014) used here excludes urban areas from its 
analysis, so our night time lighting intensity and population density variables are not biased by 
urban areas. 

4 For example, availability of non-farm sector. The night time lighting intensity variable at its 
basics also stands for availability of electricity, which may imply having better access to broader 
development opportunities. 



7 Global Drivers of Land Degradation and Improvement 



185 



infant mortality rates (i.e. here used as a proxy variable for poverty) in Asia and 
SSA were associated with less land degradation, whereas in other regions the effect 
is non-significant. The reductions in infant mortality rates (a proxy for poverty 
reduction) have led to higher land degradation in SSA and NENA, but to lower land 
degradation in other regions. As we said earlier, infant mortality rate is taken as a 
proxy for poverty. The explanation for this seemingly surprising finding can be that 
those areas with higher economic development achieved reductions in infant 
mortality rates, but also the opportunity costs of labor might have increased as a 
result of economic growth. Consequently, making the application of labor-intensive 
SLM measures more costly. Other surprising results from Table 7.5 are that less 
secure land tenure does not seem to be associated with higher land degradation in 
SSA. In most regions higher levels of land degradation occur in croplands, but not 
in Europe, where other land uses, such as shrublands, forests, grasslands, have 
experienced more land degradation. In all regions a longer period of growing days 
is associated with more land degradation. 

The results of the analyses are further nuanced by Table 7.7, where separate 
regressions are run for each cluster of countries with similar socio-economic and 
institutional conditions. The characteristics of these clusters are explained in detail 
in Table 7.8, however, what needs to be borne in mind is that the higher the number 
of the cluster, the higher the level of economic, institutional and technological 
development of the countries making up that cluster. For example, Cluster 1 is 
made up of the least developed countries (so called, “the bottom billion”, Collier 
(2007)), whereas cluster 8 is comprised of the most advanced countries, mostly 
OECD countries. The major characteristics of the clusters are shown in Table 7.8. 
The results presented in Table 7.7 are also broadly consistent with global findings, 
but also have their specific insights. The positive association of precipitation with 
land improvement is present for the least developed and most developed countries, 
but not for those countries in the middle. Population density is negatively related to 
SLM in lower income countries, but positively for higher income countries. 
Distance to markets seems to lead to more SLM all across the clusters and higher 
night time lighting intensity to less SLM. 

The results of these three tables are summarized in Table 7.9. The variables 
showing a larger consistency across all the regression models are distance to 
markets and the interaction of distance to markets with population density. The 
longer distance to markets means less land degradation (both in croplands and 
non-cropped areas). However, higher population densities combined with longer 
distance to markets seem to mean more land degradation. At first sight, it is 
understandable that remote areas have lower chances then areas closer to major 
urban centers of being deforested, overgrazed, and used in crop production (unless 
they are densely populated). For example, in Central Asia, it was found that most of 
rangeland degradation happens in areas near population settlements, as the costs of 
moving livestock to more remote pastures are high (Pender et al. 2009). However, 
as we have seen in the literature review section, higher market access could also 
give more incentives for sustainable land management as the opportunity cost of 
fertile soil is higher in areas closer to markets (Pender et al. 2006). On the other 
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hand, the opportunity cost of labor is also higher in high market access areas, thus, 
was suggested to be a barrier for implementing labor-intensive SLM measures in 
those areas (Sherr and Hazell 1994). In this regard, even the interaction of distance 
to markets with croplands has a negative association with SLM in a majority of the 
models used. It means that, in most cases, the areas closer to markets have higher 
chances of being degraded. The incentive effect of nearness to markets for SLM 
seems to be working only in more advanced economies and not in lower income 
countries. The reason for this might be (in addition to physical access to the area) 
that in lower income countries the higher opportunity cost of labor in high market 
access areas is preventing the application of SLM measures, which are necessarily 
labor-intensive as the capital-intensive measures are even less affordable. Whereas 
in more advanced economies, the capital may be more affordable than labor, and the 
capital is certainly cheaper in areas with higher market access than in remote areas, 
so farmers cultivating croplands closer to urban centers in advanced countries are 
more able to implement SLM measures through more intensive use of capital 
(satellite guided precise fertilization, drip irrigation, etc.). 

Another more consistent finding is the lack of significance of GDP per capita in 
explaining SLM. As stated earlier, this lack of significance should not be considered 



Table 7.9 Summary of findings in global, regional and cluster-based regressions 



Variables affecting SLM 


Global 


Regional 


Cluster 


Exceptions from the 
dominant sign 


Precipitation 


+ 


+/- 


+/- 


Asia, Clusters 3 and 6 


Population density 


- 


- 


+/- 


Clusters 4 and 8 


Distance to market 


+ 


+ 


+ 




Night time lighting intensity 


- 


+/- 


+/- 


Asia, Clusters 2 and 3 


GDP per capita 








SSA(+), Clusters 1 and 3 
(+)> Cluster 5( — ) 


Rule of law 


+ 


+/- 


+/- 


Clusters 4, 6, 7, Europe 


Change in rule of law 




+/- 


+/- 


Europe 


Infant mortality rate 


+ 


+ 


+/- 


Clusters 6 and 8 


Change in infant mortality rate 


+ 


+/- 


+/- 


SSA, NENA, Clusters 1, 
2, 5 and 7 


Distance to market with 
cropland 


+ 


+/- 


+/- 


Europe, Clusters 4, 5, 6 
and 8 


Night time lighting intensity 
with population density 


+ 


+ 


+/- 


Clusters 2, 4, 7 and 8 


Distance to market with 
population density 


— 


— 


— 




Land use (most degradation) 


Cropland 


Cropland 


Cropland 


Europe, Cluster 2 and 4 


Land tenure insecurity 


- 


+/- 


+/- 


SSA, Clusters 1 and 2 


Length of growing period 


- 


+/- 


+/- 


Clusters 1, 2 and 6 



Note Plus means positively associated with SLM, minus — negatively, dot — not significant. In 
regional and cluster-based regressions, if there are differences between groups, more prevalent sign 
is depicted in bold. 
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unimportant except in a few isolated cases. For example higher GDP per capita 
seems to be positively associated with SLM in SSA, but overall these two variables 
are not significant in other regions. The lack of significance of GDP may also hint at 
the fact that the impact of GDP is already captured by other variables indicating 
economic performance, which are available on a smaller geographic level, such as 
night-time light intensity. While night lights per se may represent a cruder measure 
of economic development than GDP, they do not ignore its spatial variability. 5 This 
stresses the importance of including the variables in the analysis that contain 
information on a more detailed level, since land degradation may also be a highly 
dispersed phenomenon not limited to country borders or within-country boundaries. 
The conclusion we can draw is that GDP per capita is not a major factor influencing 
sustainable land management in many cases. Moreover, higher infant mortality rate, 
used as a proxy for poverty, has not prevented SLM in most regions of the world. 
Poorer households are expected to have higher reliance on natural resources, 
including land, for the livelihoods. Thus, they have more incentives to manage land 
sustainably. Moreover, the opportunity cost of labor in poorer locations is lower, 
thus allowing for its use in implementing labor-intensive SLM measures. This 
finding is also agrees with the results of Nkonya et al. (2008). On the other hand, 
those countries which have reduced infant mortality rates more than others seem to 
be also making more efforts toward SLM. 

Higher population density is also found to be leading to more land degradation, 
except in the most advanced countries and some middle income countries (Clusters 
4 and 8). Supporting this finding, most estimations show that night time lighting 
intensity interacted with population density is leading to SLM. Night-time light 
intensity can be used as a proxy for socio-economic development of the area, the 
higher prevalence of non-farm sectors, and easier access to capital. More eco- 
nomically dynamic areas with larger populations, thus, can provide more incentives 
and opportunities for SLM adoptions and innovations (a la Boserup 1965), infor- 
mation costs can be assumed to be lower and technology spillover effects are more 
likely. However, densely populated, but economically backward areas seem to be 
following a more Malthusian scenario, where higher population is translating to 
more land degradation. It is also found that in advanced economies with higher 
night time lighting intensity, the effect of population density on promoting SLM is 
decreasing. This may be due to the overall higher level of night time lighting 
intensity in advanced economies, where even relatively less densely populated areas 
have high night time lighting intensity (and also high share of non-farm sectors). 

Rule of law was found to be positively associated with SLM in most cases, 
especially in SSA and other developing lower income countries, but not in Europe, 
and the countries of Clusters 4, 6 and 7. First of all, this may be due to nonlin- 
earities in the effect of rule of law on SLM outcomes. Any increases from very low 



5 This is highlighted by the fact that night lighting and GDP have a moderate correlation on country 
level (0.44), but only a weak one on pixel level (0.13), which points at substantial variation of 
night lights within countries. 
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levels of rule of law to higher levels may have huge positive effects for SLM. 
However, further changes in already high levels of rule of law may have a mar- 
ginally lower or no effect. 

Land tenure, a measure of security, also shows interesting results. Insecure land 
tenure seems to be a deterrent for SLM in middle income and advanced economies, 
but not for the lowest income countries, especially in Sub-Saharan Africa. Secure 
land tenure may provide additional benefits and opportunities with relatively 
well-functioning markets, including output, input and financial markets. Credible 
land property rights expand the planning horizon of agricultural entrepreneurs and 
make costly innovations in SLM with large mid- to long term benefits more 
profitable in expectations. Where markets do not function well or are very thin, 
secure land tenure may have much less effect on SLM. It should also be noted that a 
credible and stable rule of law is a precondition for secure land tenure, so that the 
effect of rule of law on SLM supersedes the one of land right security. 



Conclusions 

There have been numerous studies on the drivers of land degradation in the past 
with often contradicting results. It is believed that the contradictions are due to 
differences in applied methods and the datasets. Although these differences in 
methods and datasets play a crucial role in explaining the diverging findings on the 
causal mechanisms of the factors affecting land management, these differences are 
also due to context-specific nature of the interactions between various drivers of 
land degradation, where socio-economic, institutional and technological particu- 
larities of the location shape the nature of the interactions between the drivers of 
land degradation. SLM is positively associated with land tenure security, especially 
in middle-income and advanced economies. In lower income countries a lack of 
secure land tenure is not associated with less SLM. Shortening the time to reach 
markets may have many other desirable outcomes but not necessarily a decrease in 
land degradation, especially in low income countries. Population pressure may lead 
to land degradation unless public policies provide for increases in non-farm jobs. 
The findings of this study call for localized diagnostic of the drivers of land 
degradation and for elaborating policy actions targeting the local interplay of major 
drivers of land degradation. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Abstract In response to the needs for estimating the cost of grassland degradation 
to determine the cost of inaction and for identifying cost-effective strategies to 
address the consequent loss of livestock productivity, we developed a modeling 
framework where global statistics databases and remote sensing data/analyses 
coupled with empirical/statistical modeling are designed to quantify the global cost 
of grassland degradation. By using this framework, we identified grassland 
degradation hotspots over the period of 2001 to 2011 and estimated changes in 
livestock productivity associated with changes in grassland productivity within the 
hotspots. Ignoring environmental benefits and losses in live weight of livestock not 
slaughtered or sold, the cost of livestock productivity was estimated about 2007 US 
$6.8 billion. Although on-farm cost is small in Sub-Saharan Africa due to the low 
livestock productivity, the impact on human welfare would be much more severe in 
the region where majority of the population is below the poverty line. This implies 
that addressing grassland degradation is even more urgent in the region, given the 
increasing demand for livestock products and the potential contribution to poverty 
reduction. Taking action toward grassland degradation could simultaneously reduce 
poverty and promote carbon sequestration while conserving socio-economic, cul- 
tural, and ecological benefits that livestock provide. 
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Introduction 



Global meat and dairy consumption is projected to increase by 173 and 158 % from 
2010 to 2050 and an even higher increase in meat and dairy consumption is 
expected for developing countries. This rapid increase in demand for livestock 
products would require corresponding increases in demand for animal feeds, which 
in turn would lead to conversion of high value biomes — such as forest to grazing 
lands — and overgrazing especially for grassland-based livestock production sys- 
tems (Asner and Archer 2010). In fact, over the last few decades, grasslands have 
been degraded due to overgrazing and account for the largest extent of degradation 
among all major biomes considered. Steinfeld et al. (2006) estimated that about 
20 % of global pasture and 73 % of the rangelands in the drylands have been 
degraded. About 70 % of deforestation in the Amazon was due to expansion of 
pasture and a large part of the remaining 30 % of cleared forests was due to feed 
crops expansion (ibid). Other studies also reported severe degradation in grazing 
biomes. Nabuurs (2004) estimated that about 5 % of soil organic carbon has been 
lost from overgrazed or moderately degraded temperate and/or boreal grasslands. 
More recently, Le et al. (2014), Chap. 4, estimated that about 40 % of grasslands 
experienced degradation between 1982 and 2006 by employing long-term data of 
remotely sensed Normalized Difference Vegetation Index (NDVI) as a proxy for 
global land degradation. 

Degradation of grazing biomes poses a big threat to sustain and/or increase 
global livestock productivity, which serves multiple purposes including economic, 
social and ecological functions (Nabuurs 2004; Randolph et al. 2007). Livestock 
plays an especially important role in the livelihoods of the rural poor households, 
two-thirds of whom keep livestock (Livestock in Development 1999). Low-income 
rural households also use livestock as living “savings accounts” (Moll 2005) and 
insurance against risks and shocks (Hoddinott 2006). Additionally, livestock is used 
to strengthen social bonds (e.g. dowry) and serve as an indicator of social impor- 
tance (Kitalyi et al. 2005). In Sub-Saharan Africa (SSA), animal and human power 
account for 80 % of total farm energy (FAO 2011a). The multiple objectives of 
livestock suggests that the sector has a large potential to contribute to poverty 
reduction efforts in developing countries. Such potential is amplified by the 
increasing demand for livestock products as incomes and food tastes and prefer- 
ences change in middle and low income countries. Currently livestock accounts for 
about 13 and 28 % of the global caloric and protein intakes, respectively (FAO 
201 lb). Livestock also plays a vital role in maintaining soil nutrients in cropland, as 
livestock manure accounts for 54-64 % of total nitrogen applications and 64 % of 
phosphorus (Sheldrick et al. 2004; Potter and Ramankutty 2010). 1 Given the 
important role of livestock and the severe land degradation in grasslands, it is 



Sheldrick et al. (2004) estimate that global total recoverable N and P from manure is respectively 
93.6 TgN year -1 and 21.7 TgP year -1 of the total 171.8 TgN and 34.4 TgP year -1 consumption 
global of N and P. Note, one terragram (Tg) = one milli on tons. 
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necessary to estimate the cost of land degradation in grazing biomes to determine 
the cost of inaction and to identify cost-effective strategies to address the conse- 
quent loss of livestock productivity. 

In response to these needs, we developed a modeling framework where global 
statistics databases and remote sensing data/analyses coupled with 
empirical/statistical modeling approach are designed to estimate global impacts of 
land degradation on spatial and temporal changes of agronomic and environmental 
indicators (e.g. productivity and soil carbon stock) in both croplands and grass- 
lands. In this chapter, we focused to quantify the cost of grassland degradation on a 
global scale by using this framework. This type of work contributes to literature in 
two ways. Firstly, our modeling framework employs empirical/statistical models to 
estimate the loss of grassland biomass productivity. This simple approach allows 
estimating a complex system (Wain wright and Mulligan 2005). It also utilizes 
easily available remote-sensing data to estimate changes in biomass productivity so 
that it could allow building modeling systems for low-cost global and regional 
monitoring of grazing land degradation and improvement. Secondly, to the best of 
our knowledge, this is the first global assessment of the cost of grazing land 
degradation. Many past global studies have largely dwelt on biophysical assess- 
ments of grazing land degradation (e.g. Steinfeld et al. 2006). The few past global 
or regional studies on the cost of grassland degradation have largely been based on 
review of literature (e.g. Dregne 2002; Requier-Desjardins 2006) or covering a 
specific area (e.g. Quinlan 1995; Harris 2010). 

This chapter detailed procedures included in our modeling framework such as 
(i) identifying land degradation hotspots where inter-annual mean NDVI over the 
historical period of 2001 to 2011 has a declining trend, (ii) classifying statistical 
models to estimate changes in biomass from NDVI based on biome, (iii) developing 
simple relationships between the NDVI trend and livestock productivity within the 
hotspots, and iv) estimating changes in livestock productivity. Finally we reported 
the costs of grassland degradation associated with changes in livestock productivity. 



Modeling Procedures 

Identifying Land Degradation Hotspots in Grasslands 

The identification of land degradation hotspots within grasslands was based on time 
series analysis of global Moderate Resolution Imaging Spectroradiometer (MODIS) 
NDVI data (MYD13C1) from 2001 to 2011 with a temporal resolution of 16 days 
and a spatial resolution of 0.05° (5.6 x 5.6 km). MODIS was launched in February 
2000 and provides a cloud-free global coverage of NDVI data (Huete et al. 2011) 
(Table 8.1). The time series analysis for this study used the year 2001 as a starting 
point and covered an equal number of 16-day datasets for each year of the analysis. 
The trend, depicting the slope of the linear regression, was calculated for the period 
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of 2001 to 2011 when the datasets regarding geographic, demographic, economic, 
technological, institutional and cultural factors (e.g. climate and agricultural prac- 
tices, population density, poverty, absence of secure land tenure, lack of market 
access) were available. 

Mean annual values of NDVI were calculated for every year from 2001 to 201 1. 
Based on these, the slope of the linear regression was calculated to get the NDVI 
trend for each pixel. The dataset was corrected for rainfall because it is the dom- 
inant causative factor having the highest impact on vegetation greenness which is 
represented by NDVI (Nicholson et al. 1990; Hermann et al. 2005). It is important 
to remove this influence, since we are only interested in anthropogenic causes of 
land degradation and not natural causes such as drought or natural vegetation 
changes, both of which can caused by fluctuations in rainfall. 

The same time period used for the NDVI analysis was taken into account for the 
rainfall analysis based on monthly precipitation data by the University of East 
Anglia’s Climatic Research Unit time-series data (CRU 3.1) (Jones and Harris 
2008), which has a spatial resolution of 0.5° (56 x 56 km), much coarser than the 
one of the NDVI data (Table 8.1). Considering that (i) high resolution of historical 
precipitation data comparable to the resolution of the NDVI data has not been 
developed, (ii) the CRU data is the most reliable precipitation data on the global 
scale covering the time period of our study, and (iii) the minimum rainfall station 
density required to adequately describe annual rainfall varies from 200 to 800 km 
depending on latitude/longitude location (New et al. 2000), we assumed that the 
CRU data still works as a way of approximating rainfall effects on vegetation. To 
correct the NDVI dataset for rainfall, statistically significant trends between 2001 
and 2011 (P < 0.05) were calculated. Again mean annual values were composed on 
which significant trends were calculated for every pixel. All significant positive and 
negative pixels were then masked in the final dataset. Since the rainfall data has a 
coarser resolution than the NDVI data, some NDVI pixels which might not be 
directly influenced by rainfall were masked. 

A classified dataset for land cover and land use on a global level, Globcover 
2004-2006 data (Bicheron et al. 2008), was used to extract all grassland areas 2 
within land degradation hotspots (Table 8.1). Globcover 2004-2006 data was used 
because it best approximated the extent of grasslands during the study period from 
2001 to 201 1. Derived from remote sensing data between 2004 and 2006 this global 
land cover map was generated with a spatial resolution of 300 m. Since not all 
grasslands contain active grazing, especially when estimated from remote sensing 
imagery, a grazing land extent was used to further narrow down the areas of 
degradation that would most affect livestock. This was done by using the same 
grazing land extent based on the Gridded Livestock of the World (GLW) dataset 
(See Gathering datasets for livestock productivity ). Thus, the final global extent 



2 Two classes of Globcover data — 140: Closed to open (>15 %) herbaceous vegetation (grassland, 
savannas or lichens/mosses) and 180: Closed to open (>15 %) grassland or woody vegetation on 
regularly flooded or waterlogged soil — Fresh, brackish or saline) — are categorized as grassland. 
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Table 8.1 Datasets used for vegetation trend analysis in grasslands 



Data 


Source 


Temporal 

resolution 


Spatial 

resolution 


Data record 


Vegetation 

(MODIS-NDVI) 


LP DAAC 
(Land Processes 
Distributed Active 
Archive Center) (2011) 


16 days 


0.05° 


Year 2001-2011 


Rainfall (CRU 3.1) 


Jones and Harris (2008) 


Monthly 


0.5° 


Year 2001-2011 


Land cover/use 
(Globcover 2004-2006) 


Bicheron et al. (2008) 




300 m 


Year 2004-2006 



Source The authors 



includes areas classified as grassland, where active grazing is occurring, within land 
degradation hotpots. 



Deriving Grassland Productivity from Remote Sensing 
Imagery Data and Statistical Models 

Many studies have developed statistical models to estimate grassland productivity 
by using remote sensing imagery data of NDVI and net primary productivity 
(NPP) (Table 8.2). Although there seems to be no consensus on the universally 
accepted model to derive absolute values of grassland productivity on a global 
scale, NDVI or NPP are still good proxies for grassland productivity. Accordingly, 
we used the linear regression model results reported in Table 8.2 to estimate grazing 
biomass. As far as possible, we used the regression results in regions and 
agro-ecological zones where it was derived. 

When the regression results were compared with the actual biomass productivity 
reported in different agro-ecological zones (AEZ), they showed that the predictive 
power of the model was reasonably accurate as only 6 of the 21 AEZ-level pre- 
dicted values fell outside the 95 % interval (Table 8.3). 



Gathering Datasets for Livestock Productivity 

FAO and the Environmental Research Group Oxford published the first version of 
GLW dataset in order to address important issues of the livestock sector, such as 
increased pressures on natural resources and the environment (2007). The GLW 
provides livestock densities of cattle, buffalo, sheep, goats, pigs, and poultry /chickens 
modeled at a spatial resolution of 0.05°, based on statistical relationships between 
observed densities within administrative units derived from survey and census data, 
and several explanatory variables (e.g. a time-series of remotely sensed satellite 
data relating to climate and the environment) (Robinson et al. 2014) (Table 8.4). 
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Table 8.2 Literature review on statistical models to predict biomass as a function of remote 
sensing imagery data in grasslands 



Region 


Relational equation 


R 2 


Source 


China (Meadow 
Steppe) 


Biomass grass = 1478 x NDVI 256 


0.60 


Jin et al. 
(2014) 


China (Typical Steppe) 


Biomass grass = 910 x NDVI 1 ' 627 


0.57 


Jin et al. 
(2014) 


China (Desert Steppe) 


Biomass grass = 487 x NDVI - 27.719 


0.49 


Jin et al. 
(2014) 


China (Arid-Semi arid) 


Biomass grass = 896 x NDVI - 75.5 


0.46 


Ren and 

Zhou 

(2014) 


Mongolia (Arid-Semi 
arid) 


Biomass grass = 1.097 x NPP - 4.776 


0.55 


Zhao 
et al. 
(2014) 


Madagascar (Humid 
subtropical) 


BiomasSf orage = 867.9 x NDVI - 329.2 


0.61 


Rahetlah 
et al. 
(2014) 


Madagascar (Humid 
subtropical) 


Biomassf orage = 0.143 x e 3 - 812x NDVI 


0.73 


Rahetlah 
et al. 
(2014) 


Montana-USA 


Biomassf orage = 25 x NDVI - 2739 


0.63 


Thoma 
et al. 
(2002) 


India 


Biomass estimated from linear regression of 
NPP 


0.77 


Roy and 

Ravan 

(1996) 


Canada, Finland, 
Norway, Russia, USA, 
Sweden 


Biomass estimated from linear regression of 
Advanced Very High Resolution 
Radiometer (AVHRR) 




Dong 
et al. 
(2003) 


Canada 


Biomass estimated form multiple regression 
and artificial neutral networks as a function 
of SPOT Vegetation 




Fraser 
and Li 
(2002) 


Finland and Sweden 


Biomass estimated from non-Linear 
regression and K-Nearest Neighbor as a 
function of Landsat-Tm 




Tomppo 
et al. 
(2002) 



Source The authors 



Along with the GLW, we obtained the map of livestock production systems devel- 
oped by FAO and the International Livestock Research Institute (Robinson et al. 
2011). This map is an extension of previous classification schemes, made by Sere and 
Steinfeld (1996) into global coverage with better quality and higher spatial resolution 
input data such as land cover, length of growing period, highland and temperate areas, 
human population, and irrigated areas. By overlaying these two maps, we summa- 
rized livestock density in each livestock production system (Table 8.4). 

Furthermore we acquired estimates of supply for animal-source foods (beef, 
milk, mutton, pork, poultry meat, and eggs) that are spatially disaggregated based 
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Table 8.3 Validation of biomass productivity model 



Agro-ecological zone 


Predicted biomass productivity 


Observed biomass 
productivity 




Dry matter tons/ha 




Predicted 


Standard 

deviation 


Predicted 


Boreal 


LOO 


0.44 


<0.5 


Subtropic-cool/Semi-arid 


0.95 


0.61 


<0.5 


Subtropic-cool/arid 


0.66 


0.42 


0.5-1 


Subtropic-cool/humid 


5.30 


2.98 


1-1.5 


Subtropic-cool/sub-humid 


1.85 


1.58 


1-1.5 


Subtropic-warm/Semi-arid 


3.34 


3.58 


-1-1.5 


Subtropic-warm/arid 


0.88 


0.52 


5.1-18 


Subtropic-warm/humid 


12.18 


4.41 


0.5-1 


Subtropic-warm/sub-humid 


6.08 


4.08 


5.1-18 


Temperate/Semi-arid 


0.94 


0.49 


5.1-18 


Temperate/arid 


0.51 


0.34 


<0.5 


T emperate/humid 


1.25 


0.42 


<0.5-1 


T emperate/ sub-humid 


2.32 


1.51 


0.7-3. 1 


Tropic-cool/Semi-arid 


1.50 


0.68 


0.7-3. 1 


Tropic-cool/arid 


0.69 


0.57 


<0.5 


T ropic-cool/humid 


4.24 


2.30 


0.5-1 


Tropic-cool/sub-humid 


3.44 


1.44 


1-1.5 


T ropic- warm/Semi-arid 


1.76 


0.59 


<0.5 


Tropic- warm/arid 


0.90 


0.63 


0.5-1 


T ropic- warm/humid 


4.67 


1.72 


1-1.5 


T ropic- warm/sub-humid 


3.98 


1.39 


1-1.5 



Notes Predicted outside the 95 % confidence interval are emphasized in bold 



Table 8.4 Datasets for livestock productivity 



Data 


Source 


Spatial 

resolution 


Data 

record 


Livestock density 


Robinson et al. (2014) 


0.05° 


Year 

2000 


Livestock production system 


Robinson et al. (2011) 


0.05° 


Year 

2000 


Supply and demand for 
animal-source foods 


Robinson and Pozzi 
(2011) 


0.05° 


Year 

2000 



Source The authors 



on information derived from the GLW and models for livestock growth and off-take 
(Robinson and Pozzi 2011). In the latter models, livestock production and off-take 
rates, varying across different agro-ecological zones and livestock production 
systems, are parameterized differentially for different zones or systems using the 
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herd growth model within the Livestock Development Planning System Version 2 
(Lalonde and Sukigara 1997). 

Given that we dealt with grazing biomass, our analysis focused on the 
grassland-based (grazing) livestock production systems, in which more than 90 % 
of the dry matter intake is obtained from grasslands (Steinfeld et al. 2006). 
Accordingly, we considered only grazing livestock, namely buffalo, cattle, goat, 
and sheep. According to Steinfeld et al. (2006), the grazing production systems 
account for 28 % of the livestock population and covers 26 % of the ice-free land 
area (ibid.) (Table 8.5). To avoid double counting cost of land degradation con- 
sidered in Chap. 6, we do not consider livestock feeding other biomes other than 
grasslands. This includes about 72 % of the livestock population (Table 8.5). Our 
study also considers degraded “static” grasslands — that is grassland area that did 
not undergo land use cover change from 2001 to 2011. Degraded grasslands 
account for 10 % of the grassland area and about 6 % of total livestock population 
(Table 8.6). SSA reported the largest population of livestock on degraded grassland 
while Central Asia reported the largest degraded grazing area as percent total 
grassland area (Table 8.6). 



Estimating Changes in Livestock Productivity 



To estimate changes in livestock productivity, we first resampled all datasets to a 
spatial resolution of 0.08° to link to global grids containing unique IDs for each grid 
cell, developed by HarvestChoice at the International Food Policy Research 
Institute. Grassland productivity derived from NDVI and statistical models 
(Table 8.2) was combined with conversion factors developed by Wirsenius et al. 
(2010) and Bouwman et al. (2005) to estimate the impact of grazing land degra- 
dation on livestock productivity (Eq. 8.1). As shown in Fig. 8.1, Wirsenius et al. 
(2010) and Bouwman et al. (2005)’ s conversion factors are comparable in North 
America but vary widely in SSA. However, Bouwman et al. (2005)’ s conversion 
factors are disaggregated across feeding systems — namely pastoral and mixed and 
landless (zero-grazed) feeding systems. Unfortunately we only used Wirsenius et al. 
(2010) since we do not have global data on feeding systems at the resolution used in 
this study. 

The impact of degradation within grazing biomass on livestock productivity has 
to take into account two important aspects that affect animal food intake: 

i. Non-grass feeds — which include: feed supplements, food crops and its 
by-products, crop residues and fodder crops, scavenging (road-side grazing, 
household wastes, feedstufifs from backyard farming, etc.), and animal products. 
Contribution of non-grass DMI vary widely across regions. For example in the 
Sahelian region of SSA, shrub, tree and crop residues contribute 33 % of 
livestock biomass requirements (Le Houerou and Hoste 1977; Pieri 1989) even 
though such feeding systems are regarded as 100 % grassland-based. To take 
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Table 8.5 Livestock production systems and corresponding livestock populations and production 





Grazing 


Rainfed 


Irrigated 


Zero-grazed/industrial 


Total 






mixed 


mixed 







Million heads — average 2001-2003 



Cattle and 
buffaloes 


406 


641 


450 


29 


1526 


Sheep and goats 


590 


632 


546 


9 


1777 


Tropical livestock 
units (TLU) 


343 


512 


370 


21 


1246 


% of total 


27.5 


41.1 


29.7 


1.7 





Production (Million tons) — average 2001-2003 



Beef 


14.6 


29.3 


12.9 


3.9 


60.7 


Mutton 


3.8 


4.0 


4.0 


0.1 


11.9 


Pork 


0.8 


12.5 


29.1 


52.8 


95.2 


Poultry meat 


1.2 


8.0 


11.7 


52.8 


73.7 


Milk 


71.5 


319.2 


203.7 


- 


594.4 


Eggs 


0.5 


5.6 


17.1 


35.7 


58.9 



Notes Livestock considered include buffalo, cattle, goats and sheep. Conversion factor to TLU 
buffaloes = 0.7; cattle = 0.7; goats and sheep = 0.1. Grazing: >90 % of dry matter intake 
(DMI) obtained from grasslands; Rainfed mixed: >10 % of DMI come from crop residues and 
non-livestock farming activities and >90 % of the value of non-livestock farm production comes 
from rainfed land use; Irrigated mixed: >10 % of value of non-livestock farm production comes 
from irrigated land use; Landless (zero-grazed)/industrial: <10 % of DMI is farm produced 
Source Calculated from Steinfeld et al. (2006) 

this into account we net out the impact of non-grass intake using Bowman et al. 
(2003) data on feed composition (Fig. 8.2). However, we compute one con- 
version factor weighted by the contribution of each feeding system to total 
production of meat and milk. 

ii. Grass biomass that is not all consumed by animals. Studies have shown that the 
consumable forage of grasses is only one-third of the above-ground biomass 
(Penning de Vries and Djiteye 1982; de Leeuw and Tothill 1993). 

Given the above discussion, the cost of milk production loss due to land 
degradation ( CLD m ) is given by: 

i 

CLD m = ^ [DMI t= 2001 — DMI t= 2o\o]6 m x t P m (8.1) 

i= 1 



DMI t = biom t yK 

where DMI t = dry matter intake (tons) in year t in pixel i; 6 m = conversion factor of 
grass DMI to the fresh weight of milk; P m = price of milk per ton; biom t = grass 
biomass production (DM) in year t\ y = contribution of grass to total feed intake; 
x t = number of milking cows in pixel i\ and k = share of above ground grass 
biomass actually consumed by livestock. 
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Table 8.6 Livestock population on degraded grazing lands across regions 





Degraded 

grazing 

area 

(million 

ha) 


Degraded 
area of 
total 
grazing 
area (%) 


Livestock 
population on 
degraded grazing 
area (million 
TLU) 


Livestock population on 
degraded grazing area of 
total livestock population 
global (%) 


SSA 


339.8 


18.5 


23.32 


14.0 


LAC 


157.36 


8.1 


14.63 


6.4 


NAM 


129.71 


7.9 


12.59 


12.5 


East Asia 


77.32 


8.9 


3.69 


2.4 


Oceania 


153.15 


18.3 


1.35 


3.6 


South 

Asia 


3.42 


0.7 


0.14 


0.1 


Southeast 

Asia 


9.55 


3.8 


1.14 


2.9 


East 

Europe 


26.77 


1.5 


0.73 


1.2 


West 

Europe 


17.87 


5.1 


4.95 


5.5 


Central 

Asia 


153.68 


47.3 


3.39 


26.7 


NENA 


36.58 


10.8 


1.78 


2.9 


Global 


1105.21 


10.3 


67.7 


5.7 



Notes Livestock considered include buffalo, cattle, goats and sheep. Conversion factor to 
TLU buffaloes = 0.7, cattle = 0.7, boats and sheep = 0.1. SSA Sub-Saharan Africa; LAC Latin 
America and Caribbean; NAM North America; NENA Near East and North Africa 



Sources Livestock population — FAO 2005 livestock density: http://www.fao.org/ag/aga/glipha/ 
index.jsp 

Likewise, the loss of meat production due to land degradation ( CLD b ) is given by 

CLD b = [DMI t= 2001 — DMI t= 2oio\6bX t T t Pb (8.2) 

where P b = price of meat per ton; 6 b = conversion factor of grass DMI to the fresh 
weight of meat; x t = off-take rate; other variables are as defined above. 

We only consider on-farm losses including milk production and off-take rate for 
meat and ignore the loss of live weight of livestock not slaughtered or sold since 
such loss is not liquidated and eventually affects human welfare. We also ignore the 
impact of degradation on livestock health, parturition, and mortality rates due to 
lack of data as well as loss of carbon sequestration and other environmental and 
ecological services provided by grasslands. The ignored costs of grazing land 
degradation are large. For example, Chap. 17 shows that in Niger, 82 % of the total 
cost of degradation of grazing lands was due to loss of carbon sequestration. This 
means our results are conservative estimates. 
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-C 7 

bp 




North LAC SSA West East East Asia NENA South Asia World 
America Europe Europe 



■ Wirsenius et al (2010) ■ Bouwman et al (2005), Pastoral 

■ Bouwman et al (2005), mixed, zero-grazed 

Fig. 8.1 Feed conversion factor to unit of milk and beef across regions. Note DMI is intake of all 
food categories. LAC Latin American Countries; SSA Sub-Saharan Africa; NENA Near East and 
North Africa 




NAM LAC SSA West East NENA South East Asia 
Europe Europe Asia 

■ Meat a? Milk 



Fig. 8.2 Share of grass to total dry matter intake of meat and dairy ruminants. Note Meat whole 
carcass from all animal categories and the share of intake is weighted by the contribution pastoral 
and mixed and zero-grazed feeding systems to total production. NAM North America; LAC Latin 
American Countries; SSA Sub-Saharan Africa; NENA Near East and North Africa 



Results and Discussion 

Ignoring the environmental benefits of carbon sequestration and the loss in live 
weight of livestock that were not slaughtered or sold, the cost of livestock pro- 
ductivity was about 2007 US$6.8 billion (Table 8.7). North America accounts for 
about 55 % of the loss due to the severe land degradation in the region and the high 
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Table 8.7 Cost of loss of 
milk and meat production due 
to land degradation of grazing 
biomass 



Region 


Milk 


Meat 


Total 


% of global 








loss 


loss 



2007 US$ billion 



SSA 


0.753 


0.059 


0.812 


11.9 


LAC 


0.928 


0.073 


1.000 


14.7 


NAM 


3.473 


0.273 


3.746 


55.0 


East Asia 


0.094 


0.051 


0.145 


2.1 


Oceania 


0.083 


0.171 


0.255 


3.7 


South Asia 


0.011 


0.000 


0.011 


0.2 


Southeast 

Asia 


0.102 


0.002 


0.103 


1.5 


East Europe 


0.060 


0.037 


0.098 


1.4 


West 

Europe 


0.402 


0.125 


0.527 


7.7 


Central 

Asia 


0.066 


0.003 


0.068 


1.0 


NENA 


0.005 


0.039 


0.044 


0.6 


Global 


5.978 


0.832 


6.809 


11.9 



Note: SSA Sub-Saharan Africa; LAC Latin American Countries; 
NAM North America; NENA Near East and North Africa 



livestock productivity and off take rate. For example, Table 8.8 shows that the loss 
of one ton of grazing biomass leads to a loss of US$98 in SSA but the same leads to 
a loss $514 in North America. The low off take rate in SSA also reduces the loss of 
meat productivity since we ignore the live weight loss of not culled animals. 

Loss of milk production contributes 99 % of the total cost of grazing biomass 
degradation mainly due to its high sensitivity to the loss of grazing biomass. For 
example, loss of one DM ton of grazing biomass in North America leads to a loss of 
909 kg of milk but only about 42 kg of meat respectively worth US$435 and US$79 
(Table 8.8). As noted above, the low offtake rate of meat also contributes to its low 
contribution to the total loss. 

Overall, the cost of land degradation is small compared to the area covered by 
grazing biomass. The low productivity of livestock in developing countries is part 
of the reason for the low cost. Additionally, other sources of dry matter con- 
sumption are not taken into account. These include animal feeds and crop-based 
DMI. And, as discussed in the methods section, it is only a third of the grassland 
biomass that is included in the computation of the cost of grazing biomass 
degradation due to the overlay of degradation and grazing areas. In addition, the 
loss of carbon sequestration and other ecosystem services are not considered. The 
livestock population in the grassland considered is also low as it accounts for only 
28 % of the total livestock population (Table 8.5), though it covers 20 % of the 
ice-free global land area (Steinfeld et al. 2006). 

Milk and beef productivity in the 2001-2011 period showed a statistically sig- 
nificant upward trend for all regions. A sample of the trend line is reported in Table 8.9 
illustrating an upward trend of productivity for both low and high income regions. 
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Table 8.8 Annual cost of 
milk and meat productivity 
due to loss of 1 ton of grazing 
biomass 



Region 


Price per ton 


Annual 
productivity 
loss (kg/ton 
of dry 
matter) 


Cost of loss (US$) 




Milk 


Meat 


Milk 


Meat 


Milk 


Meat 


Total 


SSA 


503 


2775 


140.8 


9.8 


71 


27 


98 


LAC 


261 


1550 


322.6 


15.6 


84 


24 


109 


NAM 


479 


1907 


909.1 


41.7 


435 


79 


514 


East Asia 


581 


2590 


454.5 


20.4 


264 


53 


317 


Oceania 


270 


2812 


454.5 


20.4 


123 


57 


180 


South Asia 


305 


1696 


277.8 


6.8 


85 


12 


96 


Southeast 

Asia 


746 


2955 


277.8 


6.8 


207 


20 


228 


East 

Europe 


368 


3723 


588.2 


27.8 


217 


103 


320 


West 

Europe 


476 


4829 


833.3 


38.5 


397 


186 


582 


Central 

Asia 


255 


1676 


277.8 


6.8 


71 


11 


82 


NENA 


413 


5979 


434.8 


20.8 


179 


125 


304 


Global 


395 


2472 


416.7 


20.0 


165 


49 


214 



Note: SSA Sub-Saharan Africa; LAC Latin American Countries; NAM 
North America; NENA Near East and North Africa Source Computed 
from Fig. 8.1 



This pattern is similar to what is reported on cropland in Chap. 6 of this volume. The 
seemingly conflicting results are due to farmers’ efforts to compensate the loss due to 
land degradation by using other productivity enhancing inputs and technologies. 

Figure 8.3 reports the cost of land degradation and illustrates the high cost in 
North America, Latin America and SSA. 



Table 8.9 Trendline 
regression of cow milk & 
cattle carcass weight for 
selected regions for the period 



of 2001 to 2011 



Region 


Carcass weight/head 


Milk yield/cow 


SSA 


0.004 


0.014 


LAC 


0.0036 


0.046 


NAM 


0.0017 


0.148 


South Asia 


0.0009 


0.019 


West Europe 


0.049 


0.263 



Note Regression trendline: Y = (L + (3 2 year + 8 where 
(3i = constant, (3 2 = coefficient associated with year, and 
8 = error term with normal distribution 



SSA Sub-Saharan Africa; LAC Latin American countries; NAM 
North America 
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Fig. 8.3 Cost of land degradation of grazing biomass 



Conclusions and Implications 

This study used innovative approaches that could be used to conduct regular global 
assessment of grassland degradation or improvement. The approach considers only 
on-farm cost and ignores off-site costs — such as loss of carbon sequestration. The 
results reported have important implications on taking action on addressing grazing 
land degradation but they should be interpreted bearing in mind the weaknesses and 
gaps of the study. 

The on-farm cost of grassland degradation is about 2007 US$6.8 billion. North 
America accounts for more than 50 % of the loss due to the severe land degradation 
and the high livestock productivity. The cost of land degradation is not reflected in 
the loss of productivity due to the ability of farmers in North America to use 
improved production technologies to maintain or increase livestock productivity. 
Additionally, the impact of changes in grazing land productivity on human welfare 
in North America is minimal given the farmers’ ability to cushion such shocks 
using insurance, government programs, credit and other programs. Although the 
grazing land degradation is much more widespread in SSA, its actual cost is small 
due to the low livestock productivity. However, the impact on human welfare is 
much more severe — especially in the drylands where majority of the livestock is 
located and where majority of the population is below the poverty line. This implies 
that efforts to address grassland degradation is even more urgent in SSA. This is 
especially urgent given the increasing demand of livestock products and the 
potential to contribute to poverty reduction. Addressing grassland degradation 
could simultaneously reduce poverty, contribute to carbon sequestration, increase 
productivity of crops, provide more draft power, and other socio-economic, cul- 
tural, and ecological benefits that livestock provide. The large cost of grassland 
degradation, the increasing demand for livestock products, and the multiple benefits 
of livestock provide opportunities to take action. 

Among the actions that could be taken to increase livestock productivity is to 
increase public budget allocation to livestock production in developing countries. 
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For example, in SSA public budget allocation to livestock is only about 5 %. 
Investments in livestock productivity need to be directed to both cost-effective and 
amenable pasture management practices and breeding programs. Some developing 
countries can serve as success stories since they have successfully increased live- 
stock productivity, which in turn have contributed to poverty reduction. The 
Kenyan dairy programs and Botswana’s beef production demonstrate such success 
stories. Both countries have developed the livestock sector due to long-term policies 
for livestock development, which aimed at genetic improvement, disease control, 
strengthening domestic and international markets to allow farmers to address highly 
seasonal supplies, and health and safety standards (Hazell 2007). Efforts to improve 
grassland through controlled grazing, planting legumes, and other amenable prac- 
tices will increase both livestock productivity and carbon sequestration (Henderson 
et al. 2015). This means the international community has the responsibility to 
support livestock development programs in low income countries due to large 
potential of carbon sequestration for improved grasslands management. For 
example, Henderson et al. (2015) show that improved grassland management could 
sequester up to 33.3 Tg C0 2 year -1 in SSA. Such support could be done by giving 
aid specifically aimed at grassland improvement. 

Access to market in largely pastoral areas is low and this contributes to the low 
livestock productivity. Improvement of market access in grazing areas has also been 
shown to improve livestock productivity (Barrett 2008). Improvement of market 
access will have multiplier effects on rural development as it will have favorable 
impacts on poverty reduction, access to health and other rural services. 

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited. 
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Economics of Land Degradation 
in Sub-Saharan Africa 
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Abstract Sub-Saharan Africa (SSA) has experienced the most severe land 
degradation in the world. Given that livelihoods of the majority of the rural poor 
heavily depend on natural resources, countries in the region have designed a 
number of policies and strategies to address land degradation and to enhance 
productivity. However investment from both countries and their development 
partners has remained low, especially for livestock, which accounts for the largest 
area degraded. Our results show that conversion of grassland to cropland and 
deforestation are the major factors driving land use/cover change (LUCC). One of 
the major reasons leading farmers to convert grassland to cropland is the low 
livestock productivity. The increasing demand for livestock products provides an 
ample opportunity to the value of grasslands and in turn livestock productivity. 
Given that donor funding accounts for the largest share of expenditure on agri- 
culture and natural resource management in most SSA countries, econometric 
analysis showed that donor funding reduces the cost of land degradation. This 
positions donors in a position of influencing efforts to combat land degradation in 
SSA. The fact that SSA has poor marketing infrastructure suggests that its 
improvement will enhance efforts to address low productivity and land degradation. 
Econometric analysis showed that access to market leads to a reduction of the cost 
of land degradation related to LUCC. Improvement of market infrastructure will 
achieve a win-win benefit as it will improve natural resources and reduce poverty. 
Consistent with results from other regions, improvement of government effective- 
ness reduces cost of land degradation and cropland expansion. This illustrates the 
key role played by governance in mediating the drivers of land degradation. Efforts 
to increase adoption of integrated soil fertility management will require improve- 
ment of access to markets, advisory services and retraining of agricultural extension 
services. There is also need to find practical and amenable strategies for incen- 
tivizing farmers to use ISFM. For example, conditional fertilizer subsidy could 
provide incentives for farmers to adopt nitrogen fixing agroforestry trees and 
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improve significantly the current subsidy programs in several SSA countries. 
Overall, our results show that SSA has the potential to become the breadbasket of 
the world but it has to significantly improve its market access and government 
effectiveness to create incentives for land holders to invest in land improvement. 
The increasing demand for land, urbanization, and other global regional changes are 
creating a conducive condition for taking action against land degradation. These 
opportunities should be exploited effectively as they lead to win-win outcomes — 
reducing poverty and achieving sustainable land management. 

Keywords Sub-Sahara Africa • Land degradation • Sustainable land management • 
Land tenure • Access to markets • Government effectiveness 



Introduction 

Sub-Saharan Africa (SSA) has ample opportunities to become the future bread- 
basket of the world. While crop yield gaps — the difference between potential and 
actual yield (Lobell et al. 2009) — in other regions are narrow and closing, SSA has 
the widest yield gap of maize, rice, and wheat in the world (Nkonya et al. 2013). 
For example, average maize yield in the tropical lowlands in SSA is only 16 % of 
its potential (Lobell et al. 2009). Closing such a yield gap will provide food for both 
the SSA population and the rest of the world. About 90 % of the remaining 
1.8 billion ha of global arable land in developing countries is in Latin America 
(LAC) and SSA (Bruinsma 2009) and it is estimated that about 50 % of the land to 
be converted to agricultural use by 2050 will come from SSA (Alexandratos and 
Bruinsma 2012). Three of the seven countries, which account for half of the 
remaining suitable land in the world, are in SSA (Angola, Democratic Republic of 
Congo, and Sudan) (Ibid). 1 

In the past two decades (1995 and 2013), SSA’s average economic growth was 
4.5 % per year in real terms — a level that is about twice the economic growth of the 
rest of the world during the same period (World Bank 2014; Andersen and Jensen 
2014). Such growth has been driven by increasing consumer spending, investment 
in extraction of natural resources and infrastructure, a rapidly growing services 
sector, and increased agricultural productivity (World Bank 2014). SSA agricultural 
productivity has increased in the past few decades, thanks to farmer investments 
which has led to increased use of improved seeds and inorganic fertilizer (Sheahan 
and Barrett 2014). For example, Sheahan and Barrett (2014) found that in three of 
the six countries with a nationally representative household survey, farmers used an 
average of 57 kg/ha of fertilizer — a level which is much higher than the 13 kg/ha 



l But as it will be discussed in the cost of land degradation section, conversion of forest, grassland, 
and other forms of land use/cover change (LUCC) leads to land degradation. 
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widely cited level, which is based on Food and Agriculture organization 
(FAO) data. A recent study showed that SSA GDP growth originating from agri- 
culture accounted for income growth of the 40 % poorest population — a level about 
three times larger than the growth originating from other sectors (De Janvry and 
Sadoulet 2010). 

Despite these potential and economic achievements, SSA faces daunting chal- 
lenges. About 28 % of the 924.7 million people in SSA (UN 2014) live in areas that 
have experienced degradation since the 1980s (Le et al. 2014). The most severe 
land degradation occurred on grasslands, 40 % of which experienced degradation 
(Le et al. 2014). About 26 % of forestland and 12 % of cropland also experienced 
land degradation (Ibid). The high land degradation rate coupled with economic 
development reflect the tradeoffs involved in clearing forest or other high value 
biomes for crop production. The two processes also suggest an environmental 
Kuznet curve process — i.e., initial phases of economic development are done at the 
expense of the environment. Even though land degradation is reducing SSA’s 
agricultural potential, the increasing use of fertilizer and other inputs on cropland 
has led to greater productivity and it masks the land degradation in the region. 
Additionally, closing the wide agricultural yield gap requires significant investment 
to address constraints which lead to low agricultural productivity. One of such 
constraints is poor market infrastructure which increases the cost of external inputs. 
SSA has the lowest logistics performance index (LPI) — an index that reflects 
perceptions on efficiency of customs clearance process, quality of trade and 
transport-related infrastructure, and other marketing logistics (Arvis et al. 2012). 
The cost of transporting a ton for 1 km ranges from 0.04 to 0.14 USD in Africa 
compared to only 0.01-0.04 USD in other developing countries (Foster and 
Briceno-Garmendia 2010). 

Government investment in natural resource development is generally low and 
has been declining in the past two decades (FAO 2010). Total SSA’s public 
expenditure on agriculture, forestry, wildlife, and fisheries is only about 4 % of the 
total government budget even though these sectors account for about 25 % of 
the GDP (FAOSTAT 2012). Official development assistance (ODA) accounts for 
the largest share of forest investment in most SSA countries (Gondo 2010). SSA’s 
investment in agricultural research and development (R&D) is the lowest in the 
world and is declining. Intensity of investment in agricultural research — investment 
in agricultural R&D as share of agricultural GDP — has steadily declined, from 
0.59 % in 2006 to 0.51 % in 2011. The intensity is well below the recommended 
target of 5 % set by the United Nations’ Sustainable Development (Beintema and 
Stads 2014). This shortcoming affects SSA’s rural development since countries 
which invest in agricultural R&D achieve greater land productivity and are more 
likely to achieve sustainable land management (SLM) than those which spend less 
(Lobell et al. 2009). 

SSA countries have been implementing a number of policies to address land 
degradation in line with their broad objective of poverty reduction through 
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enhancement of productivity of natural resources upon which majority of the poor 
depend. These include; establishing protected area, R&D, input subsidies, agri- 
cultural water management, land tenure, and others. This chapter analyzes the cost 
of land degradation in SSA and identifies the drivers of cost of land use/cover 
change (LUCC)-related land degradation and change of cropland. Given the large 
amount of donor contribution to land-based development, donor support on crop- 
land expansion and the cost of land degradation will be included in the analysis of 
drivers of cost of land degradation and cropland expansion. The results of this 
analysis will help SSA countries to design policies and strategies for taking action 
against land degradation. To lay ground for the analysis, the chapter first discusses 
the major land and natural resource management policies and the corresponding 
public investment. This is followed by a brief discussion of methodological 
approaches for analyzing the severity and cost of LUCC-related land degradation in 
SSA — which are discussed in detail in Chaps. 4 (extent of land degradation) and 6 
(cost of land degradation). Given that cropland expansion is the major driver of land 
degradation (Chap. 6), we explore the drivers of cropland expansion. The last 
section draws policy implications on action to be taken to address land degradation. 



Sustainable Land Management (SLM) Policies in SSA 



We focus our discussion on policies with direct impacts on SLM — i.e., policies that 
have direct impacts on land management. For example, although trade policies may 
have large impacts on land management via their impacts on prices, these impacts 
are indirect and likely have mixed (positive or negative) impacts, depending on the 
local contexts (such as whether farmers are net buyers or sellers of tradable com- 
modities). We also focus on policies that are amenable to change. For example, 
although broader monetary, fiscal, financial, and exchange rate policies may have 
large impacts on land management, these are unlikely to be changed in order to 
improve land management, although it may be important to take steps to ameliorate 
any negative consequences that such policies may have. The review focuses on 
SSA governments’ commitment to achieve sustainable development enshrined in 
the Rio summits three major conventions (climate change, biological diversity, and 
land degradation). However, focus of the discussion is on land policies. Country 
level policies are also reviewed but summarized at regional level to reflect the 
countries’ commitment to sustainable development. Other policies with strong 
potential impact on land management are also reviewed. These include input 
subsidies, agricultural water management, land tenure, government effectiveness, 
market access, and population. To determine the government commitment to 
implementing their SLM policies, the last section analyzes the SSA government 
investment in land-based sectors. 
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Sustainable Development Policies 



On conservation of biodiversity, 46 out of 51 (90 %) of SSA countries have ratified 
the convention on biological diversity (CBD). 2 Accordingly, protected area has been 
increasing in all sub-regions (Fig. 9.1). Protected areas provide both local and 
international benefits — especially when policies and strategies involve communities 
surrounding the protected areas in managing them (Wilkie et al. 2006). For example, 
Mugisha and Jacobson (2004) observed that seven community-based protected areas 
(CBPA) management in Uganda had significantly lower bush burning, logging, and 
encroachment than nine other protected areas without local community involvement. 

All SSA countries have ratified the United Nations Framework Convention on 
Climate Change (UNFCCC) and two thirds of the 5 1 countries have submitted their 
national adaptation program of action (NAPA) and 22 countries have submitted the 
Nationally Appropriate Mitigation Actions (NAMA) to the UNFCCC (2014a, b). 
Accordingly, many SSA countries are reducing their C0 2 emissions and use of 
ozone-depleting substances (UNECA 2014). Additionally, forest policies in SSA 
have increasingly incorporated sustainable forest management (SFM) and have 
embraced community -based forest management (FAO 2012) — an aspect which has 
enhanced SFM (Seymour et al. 2014). However, SSA still experiences high 
deforestation. Deforestation and other forms of land use accounts for 43 % of C0 2 
emission in SSA (TerrAfrica 2009). Unfortunately, public investment for forest 
development and the environment in general remains low in SSA. 

All 51 SSA countries have ratified the United Convention to Combat 
Desertification (UNCCD) 3 and prepared the national action plan (NAPs). 
Implementation of NAPs follow a bottom-up approach, an aspect regarded as one 
of the success stories of UNCCD (Bruyninckx 2004). According to Kellner et al. 
(2011) however, institutional uptake of bottom-up approach has been limited. 
Additionally, the NAP projects have lacked monitoring and evaluation systems 
(Ibid). Limited funding for combatting land degradation has generally been com- 
mon across SSA countries and NAPs have been largely funded by donors. Limited 
funding from national governments to finance implementation of the three Rio 
summit conventions is a common problem across all countries. 



Input Subsidies 

A number of countries — including Burkina Faso, Ethiopia, Ghana, Kenya, Malawi, 
Mali, Nigeria, Rwanda, Senegal, Tanzania, and Zambia — have subsidized fertilizer 
and/or improved seeds in efforts to increase farm crop yield level fertilizer 



2 Source: http://www.cbd.int/information/parties.shtml. 

3 Source:http://www.unccd.int/Lists/SiteDocumentLibrary/convention/Ratification%201ist%20May 

2014.pdf. 
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Fig. 9.1 Protected terrestrial and marine area as percent of sub-regional territorial area of SSA 



application (Tables 9.1 and 9.2). In five countries (Kenya, Malawi, Rwanda, 
Tanzania, and Zambia), subsidies were targeted to either the poor or priority crops 
and reached a large proportion of farmers. For example, about 65 % of farm 
households in Malawi benefited from the subsidy program (Druilhe and 
Barreiro-Hurle 2012). Likewise, about 95 % of the 2.7 million rural households in 
Kenya benefited from the subsidy program that targeted the universally grown 
maize crop (KNBS 2014). The number of farmers reached in the subsidies that were 
not targeted is unknown in most countries reported in Table 9.2. However, in cases 
where the number of farmers reached was known, beneficiaries of the universal 
subsidies was significantly smaller than the case of targeted subsidy programs 
(Tables 9.1 and 9.2). 

Investment in input subsidies as share of agricultural budget ranged from 1 1 % in 
Burkina Faso to as high as 59 % in Malawi (Tables 9.1 and 9.2). In most cases, 
government budget covered the entire or largest share of subsidy budget (Druilhe 
and Barreiro-Hurle 2012) due to the previous donor’s negative perception towards 
subsidies (Kelly et al. 2011). As shown in Fig. 9.5, the large share of agricultural 
budget on subsidies has crowded out investment into other essential rural services — 
such as market infrastructure, extension services, and development of private input 
markets (Ricker-Gilbert et al. 2013). Jayne and Rashid (2013) also show that the cost 
of input subsidy is greater than its benefits and that investment into R&D and rural 
infrastructure would provide higher returns to agricultural growth and poverty 
reduction. 



Agricultural Water Management Policies 

Agricultural water management (AWM) includes water conservation practices, 
water harvesting, supplemental irrigation, ground water irrigation, surface water 
irrigation, and drainage (CAADP 2013). Given that water supports all forms of life, 
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Table 9.1 Investment in targeted subsidies and number of beneficiaries 



Country 


Kenya 


Malawi 


Rwanda 


Tanzania 


Zambia 


Name and 


NAAIP 


AISP 


CIP 


NAIVS 


FISP (ex-FSP) 


date a 


2007-on 


2005 -on 


2007-10 


2008-on 


2002-on 


Amount 
(US$ million) 


54.5 


171.8 


- 


121.8 


113.2 


Subsidy as % 
of ag budget 


19.0 


58.9 


- 


46.0 


29.3 


Number of 

beneficiaries 

(million) 


2.5 


1.5 


0.7 


2.5 


0.5 


Targeted 

crops 


Staples 


Maize and 
tobacco 


Maize, 

wheat, 

potato 


Maize, rice 


Maize 


Targeted 

farmers 


Poor 


Poor 


Poor 

land >0.5 ha 


Land poor 
(<1 ha) in high 
potential areas 


Less poor land 
1-5 ha 


Allocation 

criteria 




Farm size 
and need5 




Female-headed 
HH in priority 




% subsidy 
and ration 


100 % on 
1 acre or 
for 2 bags 


64-91 % 
on 1 acre 
or for 2 
bags 


75, 50 and 
25 % up to 3 
bags 


50 % on 1 acre 
or for 2 bags 


50-60 % on 2 
acres (1 ha bef. 
2009) or for 4 
bags 


Distribution 

system 


Vouchers 


Vouchers 


Vouchers 


Vouchers 


Physical 

distribution 



Notes: NAAIP National Accelerated Agricultural Input Programme; AISP Agricultural Input 
Subsidy Programme; CIP Crop intensification programme; NAIVS National Agricultural Input 
Voucher System; FSP Fertilizer Support Programme 
Sources Druilhe and Barreiro-Hurle (2012) and Jayne and Rashid (2013) 



AWM is a major determinant of quality and quantity of ecosystem and biodiversity 
services (Barron 2009). This means AWM is an important component in land 
degradation and improvement. Of key importance is the high level of water wastage 
that could lead to salinity and other forms of land degradation. About 50 % of urban 
water in SSA is unaccounted for and about 70 % of irrigation water is lost (EC A 
2014). The major driver of such loss is the poor or lack of water infrastructure 
which is compounded by weak local institutions and limited investment in water 
development, all of which significantly contribute to efficient water use efficiency 
(Ibid). 

AWM policies include water law, rights, pricing and subsidy or taxation, allo- 
cation, user participation, and decentralization of irrigation infrastructure manage- 
ment or Irrigation Management Transfer (IMT) (Kuriakose and Ahlers 2008). At 
the regional level, the African Union has adopted the African Water Vision 2025 as 
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Table 9.2 Investment in universal subsidies 



Country 


Burkina Faso 


Ghana 


Mali 


Nigeria 


Senegal 


Name and 
date 


2008-on 


2008-on 


Rice initiative 
2008-on 


FMSP 

1999-on 


GOANA 

2008-on 


Cost of 
subsidy (US$ 
million) 


21.1 


73.2 


21.5 


152.3 


40.3 


# of 

beneficiaries 

(million) 


0.5 


0.9 


Unknown 


Unknown 


Unknown 


Targeted 

crops 


Rice, maize, 
cowpea + cotton 
(credit) 


Staples + cash 
crops 


Rice, maize, 
wheat + cotton 


Staples 


Staples 


% subsidy 


<50 % (15-30 % 
actual) 


50 % (30-50 % 
actual) 


25 % 


25 % 

(federal) + 0- 
60 % (state) 


50 % 


Distribution 

system 


Physical 


Physical 

(vouchers 

piloted) 


Physical 
(vouchers may 
be piloted) 


Physical 

(vouchers 

piloted) 


Physical 

local 

committees 


Participation 

of 

agrodealers 


None 


Very limited 


Very limited 


None 


Unknown 



Notes: GOANA Grande Offensive Agricole pour la Nourriture et l’Abondance; FMSP Federal Market 

Stabilization Programme 

Source Dmilhe and Barreiro-Hurle (2012) 



the policy instrument for achieving sustainable water resource management and use 
(WWAP 2015). Africa’s Water Vision 2025 is “Africa where there is an equitable 
and sustainable use and management of water resources for poverty alleviation, 
socioeconomic development, regional cooperation, and the environment” (Ibid). To 
achieve this, Water Vision 2025 sets ten targets and strategies that broadly aim to 
sustainably provide adequate potable and agricultural water to ensure food and 
energy security for all while also ensuring that there is enough quantity and quality 
of water for sustaining the ecosystems and biodiversity. Enabling environment 
needed to achieve this vision includes creation of strong and effective water 
resource management institutions, policies, financial and technical support, all of 
which will ensure integrated water management and cooperation at local, national, 
and transboundary water basin levels (Ibid). 

Faced with the increasing water demand, climate change, renewed effort to 
achieving food security, sharp increase in food prices, and other challenges, African 
countries in the past 10 years have increasingly been receptive of the Water Vision 
2025 and to investment in irrigation (Pinstrup- Andersen 2014; Lankford 2009). 
Among new directions in achieving the vision include an increasing commitment to 
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water-policy reform, decentralization of water institutions, IMT, building water 
financial sustainability through treating water as an economic good rather than a 
free resource, and providing a safety net for the poor (Ibid). 



Situation Analysis of AWM in SSA 

SSA has the smallest irrigated area compared to other regions — despite its above 
average need for irrigation compared to other regions. Irrigated area as share of 
cultivated area is only 6 % — a level far lower than the corresponding share of 37 % 
in Asia and 14 % in Latin America (AQUASTAT 2014). Additionally only 5 % of 
the region’s potential water resources are developed and the per capita water storage 
is only 200 m 3 compared to 6000 m 3 in North America (WWAP 2015). The Gulf of 
Guinea (coastal West Africa) and the Sudano-Sahelian zone respectively exploit 
only 1.3 and 35 % of their Internal Renewable Water Resources (IRWR) (Frenken 
2005). The gross volume of SSA’s harvestable water runoff is about 5195 km 3 and 
if only 15 % of the rainwater were harvested, it would be more than enough to 
meet all of the water needs of the region (Malesu et al. 2006). In fact, and Hatibu 
et al. (2000) note that rainfall variability, frequent droughts, and high intensity 
storms create more challenges to potential water quantities. 

The rainfall variability and frequent droughts and storms renders SSA’s agri- 
culture to highly unreliable rainfed production — especially in the arid and semi-arid 
areas which contain 54 % of total land area (Jahnke 1982). Frequent events of 
drought have led to famine and loss of livestock in the region. This has prompted 
SSA countries to invest in mainly large-scale irrigation in the 1960s to late 1980s 
(AGRA 2014; Inocencio 2007; Turral et al. 2010). The need for investing in both 
irrigation infrastructure and local institutions cannot be emphasized enough given 
SSA’s great irrigation potential. In fact, the amount of water in SSA is not the key 
limiting factor even in the semi-arid areas (Hatibu et al. 2000). 

The large-scale irrigation schemes were largely centrally managed with a 
top-down approach as involvement of local institutions and communities in 
investment planning and water management was limited (Turral et al. 2010). The 
policies and investments in the 1990s to present have been directed towards 
development of smallscale irrigation (AGRA 2014). Empirical evidence shows that 
there is strong justification for the new direction toward small-scale irrigation. You 
et al. (2011) showed that the internal rate of return for small-scale irrigation 
investment was 28 % compared to only 7 % for large scale irrigation. Involvement 
of local communities and their institutions have also shown much more effective 
and sustainable water and natural resource management (Pahl-Wostl et al. 2008). 
However, recent work has shown that even small-scale irrigation in SSA is not a 
panacea as they fail if their local institutions are weak (Burney and Naylor 2012). 
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The AWM investment will lead to greater yields and reduced soil erosion. For 
example, it is estimated that rainfed grain yield is 1.5 metric tons per ha, compared 
with 3.1 metric tons per ha for irrigated yields (Rosegrant et al. 2002). AWM will 
also enhance adoption of new crops and varieties that may not be produced under 
rainfed conditions or during rainy seasons. For example, Smith et al. (2010) observe 
that AWM investment enhances production of much needed nutritious vegetable 
and horticultural crops and other high value crop production which simultaneously 
improves nutrition and income. Unfortunately current policies and investment 
strategies have not been commensurate to the region’s water challenges. As stated 
above however, new interest in AWM gives promise that governments are getting 
serious to address the water challenges. 



Land Tenure 



Studies have shown that secure land rights and presence of land titles are often 
associated with greater long-term land investment and market transactions (de Soto 
2000; Besley 1995; Place and Otsuka 2002; Gavian and Fafchamps 1996). 
Customary land tenure dominates ownership in SSA as formal tenure covers only 
between 2 and 10 % of the land (Deininger 2003). Conventional wisdom has 
postulated that customary land tenure is insecure because it does not involve legal 
documents. Additionally, customary land tenure puts women at a disadvantage 
since land is normally bequeathed to sons (Doss et al. 2013). Accordingly, con- 
certed land registration efforts have been made in many SSA countries (Deininger 
2003). However, Deininger (2003) and Otsuka and Place (2014) observed that 
formal tenure systems have also resulted in increased tenure insecurity in many 
SSA countries, because of the weak enforcement of the formal laws and the 
stronger customary institutions which still dominate rural communities. 
Additionally, claims that customary land tenure has an inherent insecurity have 
been challenged by research. Empirical evidence has demonstrated that customary 
land tenure is resilient and provides security that has led to comparable or greater 
long-term investment than land held under formal tenure security (Cotula 2006; 
Nkonya et al. 2008). 

Given the recent land grabbing and interest in large-scale land investments in 
SSA, there is need of designing tenure systems and land policies to protect the 
vulnerable groups and enhance security of customary tenure that will provide 
incentive for land investments by farmers. Place (2009) summarizes key points on 
policy reforms that need to be taken into account to address the tenure security 
challenges related to the predominantly customary tenure: 

• Tenure security needs to be well-understood and secure — especially for women 
and other vulnerable groups. 

• Tenure security of customary land tenure is a problem — especially for women 
farmers. Changing customary tenure systems requires long-term strategies to 
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address cultural biases against women land ownership. In the short-term, 
improvement of land market is one approach for increasing women’s access to 
land (Nkonya et al. 2008). 

Empirical evidence shows that customary land tenure provides adequate 
investment security. This means efforts to protect customary tenure systems against 
arbitrary expropriation that occurred during the land grabbing by government or 
wealthy individuals requires immediate policy action. However the lack of formal 
titles is a constraint for farmers who need to access credit. This means the current 
land titling efforts should be targeted to areas where there is demand for land titling. 
Heterogeneity in land policies is also required to reflect the different 
socio-economic environments prevailing in rural SSA communities. Currently 
almost all land policies in SSA recognize the customary land rights and give rights 
to groups or communities to reflect the common communal land ownership and 
management. Additionally, restrictions on land markets are being relaxed in many 
countries but selling and buying land in countries where land belongs to the state is 
illegal (e.g. Rwanda). 

Our study will analyze the impact of land tenure on land degradation and 
improvement. The study will especially look at the influence of land tenure security 
on change of cropland and LUCC -related cost of land degradation. 



Government Effectiveness and Governance 

As noted by Nkonya and Anderson (2015), government effectiveness — defined as 
the quality of public & civil services and their degree of independence from 
political pressures, the quality of policy formulation and implementation, and the 
credibility of the government’s commitment to such policies — has a positive impact 
on SLM. Government effectiveness index (GEI) scale ranges from -2.5 (weak) to 
2.5 (strong). Using the average GEI in 2005-07, we divided countries in three 
groups, weak government effectiveness, whose GEI was lower than —1.0; medium 
(-1.0 < GEI < 0.0), and Strong (GEI > 0). SSA has the lowest government 
effectiveness in the world as a third of the 48 SSA countries reporting have a GEI 
index below -1 — the world’s largest share in this group (Table 9.3). 

There has been significant improvement in democracies in some SSA countries 
and setbacks in democratization in other countries (Lynch and Crawford 2011). 
About 35 % of the SSA countries experienced improvement in government 
effectiveness in the 2007-12 period compared to the 1997-2000 period (Table 9.4). 
Nine of the 16 countries that experienced GEI improvement fall in the medium GEI 
category and two in the best GEI (Mauritius and Reunion). The remaining five fall 
in the worst case group (GEI smaller than -1). This suggests the difficulty in 
government effectiveness improvement for countries with weak GEI. Accordingly, 
most of the countries which experienced weakening of government effectiveness 
are grouped in the worst case group, i.e., a GEI smaller than average GEI. 
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Table 9.3 Government effectiveness index of all regions, across groups 





Weak 


Medium 


Strong 




Percent 


GEI b 


Percent 


GE! b 


Percent 3 


GEl b 


SSA 


31.3 


-1.4 


47.8 


-0.5 


20.9 


0.5 


LAC 


4.9 


-1.3 


39.0 


-0.4 


56.1 


0.7 


NAM 


0.0 


- 


0.0 


- 


100.0 


1.5 


East Asia 


22.2 


-2.0 


11.1 


-0.6 


66.7 


1.1 


Oceania 


6.3 


-1.5 


68.8 


-0.7 


25.0 


1.0 


South Asia 


0.0 




87.5 


-0.4 


12.5 


0.5 


SE Asia 


20.0 


-1.4 


30.0 


-0.7 


50.0 


0.9 


East Europe 


4.2 


-1.1 


41.7 


-0.3 


54.2 


0.8 


West Europe 


0.0 


- 


0.0 


- 


100.0 


1.5 


Central Asia 


16.7 


-1.5 


83.3 


-0.7 


0.0 


- 


NENA 


17.4 


-1.2 


34.8 


-0.4 


47.8 


0.7 


World 


14.8 


-1.4 


40.6 


-0.5 


44.5 


0.9 



Notes a Percent of countries in the region belonging to corresponding group 
b GEI = Average GEI in corresponding group. GEI Scale: -2.5 weak to 2.5 Strong 
Source Compiled from Kaufmann et al. (2012) 



Table 9.4 SSA government effectiveness index, 1997-2012 



Group 


Percent of 
SSA 

countries 

(%) 


Countries 


Countries which GEI improved: 
Average GEI 1997- 
2000 < GEI2007-12 


35 


Angola, Burkina Faso, Burundi, DRC, 
Congo, Djibouti, Ethiopia, Ghana, 
Guinea-Bissau, Liberia, Mauritius, Niger, 
Reunion, Rwanda, Sierra Leone, 
Swaziland and Zambia 


Worst (GEI < -1) 


40 


Burundi, Central African Republic, Chad, 
Comoros, DRC, Congo, Cote D’Ivoire, 
Equatorial Guinea, Eritrea, Guinea, 
Guinea-Bissau, Liberia, Nigeria, Sierra 
Leone, Somalia, South Sudan, Sudan, 
Togo, and Zimbabwe 


Medium: -1 < GEI < 0 


45 


Angola, Benin, Burkina Faso, Cameroon, 
Djibouti, Ethiopia, Gabon, Gambia, 
Ghana, Kenya, Lesotho, Madagascar, 
Malawi, Mauritania, Mozambique, Niger, 
Rwanda, Senegal, Swaziland, Tanzania, 
Uganda and Zambia 


Best: GEI > 0 


15 


Botswana, Cape Verde, Mauritius, 
Namibia, Reunion, Seychelles and 
South Africa 



Note GEI ranking as worst, medium and best based on average GEI from 2007-2012 
Source Compiled from Kaufmann et al. (2012) 
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Access to Market Infrastructure 



SSA has the second lowest LPI — a measure of market services and infrastructure 
performance (Table 9.5). Though there has been improvement over the past decade, 
the region faces a daunting challenge in improving its market infrastructure and 
logistics. 

Studies have shown that access to market infrastructure could lead to land 
improvement or degradation, depending on other mediating factors (Nelson and 
Hellerstein 1997; Cropper et al. 2001; Laurance et al. 2009). Access to markets 
could either lead to an increase in land degradation through forest clearing to 
increase cropland extent (e.g. see Feamside 2002; Peres 2001) or could lead to 
agricultural intensification and engagement in non-farm activities, which in turn 
could lead to a decrease of cropland extent and thus land improvement (e.g. see 
Haggblade et al. 2007). SSA has the worst access to markets and consequently the 
highest transaction costs and water and energy tariffs in the world (Table 9.6). Such 
high transaction costs have led to the limited use of external inputs, which in turn 
have contributed to SSA’s fastest cropland expansion in world. 

Though some studies are showing a negative impact of market access to land 
management, improvement of market infrastructure is necessary to achieve devel- 
opment objectives. However, government effectiveness needs to be improved to 
mediate the potential negative impact of access to market on land management. 



Table 9.5 Logistics 
performance index 



Region 


Logistics performance index (LPI) 


2011-13 


2007-10 


Change 


SSA 


2.62 


2.69 


0.07 


LAC 


2.77 


2.87 


0.10 


NAM 


3.86 


3.91 


0.06 


East Asia 


3.38 


3.50 


0.12 


Oceania 


3.73 


3.68 


-0.05 


South Asia 


2.79 


2.93 


0.14 


SE Asia 


2.91 


3.02 


0.11 


East Europe 


2.79 


2.95 


0.16 


West Europe 


3.81 


3.83 


0.03 


Central Asia 


2.42 


2.43 


0.01 


NENA 


2.82 


2.92 


0.10 


World 


3.13 


3.22 


0.08 



Notes LPI ranges from 1 (low) to 5 (high) 

Calculated from World Bank database available at http://lpi. 
worldbank.org/ 
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Table 9.6 Africa’s infrastructure deficit and cost 



Characteristics 


Africa 


Other developing countries 


Paved road density (km/km 2 of arable land) a 


0.34 


1.34 


Population with access to electricity (%) a 


14 


41 


Population with access to improved potable 
water (%) a 


61 


72 


Power tariffs ($/kWh) 


0.02-0.46 


0.05-0.1 


Transportation cost ($/ton/km) 


0.04-0.14 


0.01-0.04 


Tariffs of urban potable water ($/cu m) 


0.86-6.56 


0.03-0.6 



a Excludes medium income African countries (South Africa, Kenya, Botswana, Gabon, Namibia, 
Cape Verde, etc.) and is compared to other low income countries. The rest of the statistics refers to 
entire Africa and other developing countries 
Source Foster and Briceno-Garmendia (2010) 



Population 

One of the Millennium Development Goals was to provide universal access to 
reproductive health by 2015. Women with no access to family planning in SSA is 
25 % — about twice the level in other regions (Ibid). Given this and other con- 
founding factors, it is not surprising that the SSA region has the fastest growing 
population — both in terms of number and urbanization. SSA’s population growth 
rate in 2010-15 was 2.7 % — the fastest in the world (UNFPA 2014). About 37 % of 
the SSA 924.7 million people live in urban areas but by 2050, the urban population 
will be 55 % of the total population (UN 2014). This trend and pattern poses a 
concern on land and other natural resources. However, concerns of the pressure the 
high population puts on natural resources are not emphasized in policy design, 
rather, in almost all SSA countries, family planning policies to reduce high fertility 
are formulated and implemented with the emphasis of health and education 
improvement (Ezeh et al. 2012). However, there has been considerable debate on 
the impact of human population on land degradation. In the famous publication on 
population bomb, Ehrlich (1968) predicts that overpopulation and consequent 
over-exploitation of natural resources will result in human starvation. Ehrlich’s 
conclusions have been heavily criticized and — just as the Malthusian doomsday 
theory prediction was proven wrong — Ehrlich’s prediction of mass starvation in the 
1970s-80s didn’t happen. The Green Revolution and other improved agricultural 
technologies have proved wrong Malthusian’s and Ehrlich’s population doomsday 
theories (Galor and Weil 2000). Additionally, international trade has also altered the 
local impacts of population on local biomes and settlement patterns in arable lands 
(Rudel et al. 2009a; Foley et al. 2011). For example in 2001, Switzerland imported 
agricultural products equivalent to 150 % of cultivated land area in the country 
(Wuertenberger et al. 2006). 
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Recent analyses of overexploitation of resources have focused less on human 
population and more on natural resource use that lead to depletion and degradation. 
Concerns on greenhouse gas (GHG) emissions, use of chemicals and other pollu- 
tants are simultaneously increasing with the demand for natural resources resulting 
from increasing income and changing consumption and lifestyles. For example the 
increasing demand for livestock products in low and medium income countries is 
due to increasing income (Thornton 2010) and it leads to greater demand for land 
area and consequently deforestation and loss of biodiversity (Smith et al. 2010). 

Accordingly the new measures of land degradation encompass much broader 
indicators of anthropogenic impacts on ecosystems than focus on population. One 
such measure is the recent concept of planetary boundaries that needs to be observed 
to prevent irreversible ecological changes (Rockstrom et al. 2009) — reflects 
anthropogenic impacts on ecosystems that could result from GHG emission, pollu- 
tion and depletion of natural resources resulting from changing consumption pat- 
terns, demand, and natural resource harvesting and utilization. Another interesting 
measure of land degradation is the human appropriation of net primary production 
(HANPP) — which is the aggregate impact of land use on biomass available in a given 
area (Haberl et al. 2004). HANPP measures the alterations of photosynthetic pro- 
duction in ecosystems and the harvest of products that use photosynthesis. For 
example SSA harvested only 18 % of its net primary production compared to the 
global average of 22 and 63 % for Southern Asia (Ibid). This puts SSA in a category 
of low pressure on natural resource harvesting even though studies focusing on 
population growth puts the region at much more dire conditions. 

The SLM review above shows significant policy commitment to achieve SLM 
and to improve government effectiveness and market infrastructure. To assess the 
SSA governments’ commitment to its SLM policies, the section below discusses 
SLM financing. 



SLM Financing 

On average, public expenditure on land-based sectors (agriculture, forestry, and 
wildlife) and fisheries in SSA countries is only about 4 % of the total government 
budget even though these sectors account for about 25 % of the GDP (Table 9.7). 
Dividing the 28 countries reporting the public expenditure into three equal groups 
(high, medium, and low share of public expenditure on land-based sectors and 
fisheries — hereafter referred to as agricultural sectors) — shows that countries where 
the agricultural sector contributed the largest share of GDP, allocated the lowest 
share of public expenditure to agriculture (Table 9.7). Only six countries — namely 
Burkina Faso, Guinea, Mali, Niger, Senegal, and Ethiopia have reached the Maputo 
Declaration target of spending 10 % or more of the government budget on agri- 
culture (Benin et al. 2010), which was reaffirmed and upheld by the recent Malabo 
Declaration (AU 2014). In fact, the agricultural orientation index — government 
expenditure on agriculture as share of total budget divided by the agricultural share 
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Table 9.7 Public expenditure on land-based sectors and fisheries and their contribution to GDP 



Country 


Public expenditure as percent 
to total government budget 


Contribution 
to GDP (%) 




2001-05 


2006-2012 


2001-12 




Zimbabwe 




38.4 


38.4 


17.8 


Ethiopia 


7.4 


18.7 


12.4 


45.9 


Zambia 


3.9 


8.6 


7.7 


21.6 


Madagascar 


7.4 


6.4 


7 


28.1 


Swaziland 


4.4 


6.2 


5.4 


8.6 


Mali 




5.4 


5.4 


37.4 


Namibia 


5.1 


5.2 


5.1 


9.6 


Sao Tome and Principe 




4.3 


4.3 


19.7 


Cabo Verde 


4.9 


4 


4.1 




Average, high % of ag 
expenditure 


5.5 


10.8 


10.0 


23.6 


Kenya 


4.5 


3.8 


4.1 


27.7 


Mauritius 


4 


3.8 


3.9 


5 


Uganda 


3.6 


3.7 


3.6 


25 


Congo, Republic of 


1.2 


3.6 


2 


4.7 


Botswana 


3.9 


3.3 


3.6 


2.7 


Lesotho 




3 


3 


9.2 


Tanzania 


3.6 


3 


3.2 


30.4 


Liberia 


1.3 


2.6 


2.4 


62.2 


Angola 


1.4 


2.5 


2 


8.9 


Average, medium % 
of ag expenditure 


2.9 


3.3 


3.1 


19.5 


Seychelles 




2.4 


2.4 


2.7 


Central African 
Republic 




2 


2 


54.8 


Ghana 


1.6 


1.8 


1.8 


33.4 


Nigeria 


1.1 


1.7 


1.4 


35.1 


Cote d’Ivoire 




1.5 


1.5 


24.2 


South Africa 


1.1 


1.5 


1.3 


3 


Benin 


3.1 


1.4 


2.5 


32.6 


Sierra Leone 


1.6 


1.4 


1.5 


53.4 


Burkina Faso 


0.1 


1.1 


0.8 


36.4 


Equatorial Guinea 




1.1 


1.1 


5.2 


Average, low % of ag 
expenditure 


1.4 


1.6 


1.6 


28.1 


SSA 


3.3 


5.1 


4.8 


23.9 



Sources Public expenditure as percent of government (FAOSTAT — http://faostat3 .fao.org/ 
download/I/IG/E). Contribution of land-based sectors and fisheries to GDP (World Bank http:// 
data. worldbank.org/indicator/NV. AGR.TOTL.ZS) 



